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SUMMARY 


A  measurement  plan  was  developed  and  measurements  carried  out  to  provide  SAM50  with 
the  optical  reflectance  and  emittanee  properties  of  selected  satellite  materials.  Adequate 
measurements  data  were  necessary  to  allow  a  first-order  evaluation  of  the  spatia1  and  spec¬ 
tral  properties  of  the  materials  over  the  spectrum  extending  from  the  UY.0,24  uni,  through 
the  far  infrared,  22  um,  Tncse  data  will  be  utilized  by  SAMSO  and  their  contractors  to  model 
the  optical  properties  of  the  specific  materials  and,  or  satellites  on  which  such  materials  arc* 
used. 

Typical  results  of  the  program  are  illustrated  in  Figs.  1  and  2,  where  we  "nave  utilized 
measured  data  to  model  the  reflectance  distributions  of  two  different  solar  cells  illuminated 
by  the  sun.  In  each  case  a  single  solar  cell  is  illuminated  by  ihe  solar  source  at  an  incidence 
angle  of  40°  and  the  bidirectional  reflectance  is  plotted  on  a  logarithmic  scale  {one  decade  per 
division)  io  show  the  hemispherical  distribution  of  reflected  radiation.  As  isquite  apparent 
from  the  illustrations,both  cells  have  a  large  specular  return  as  well  as  a  diffuse  component 
of  low  values  it  is  also  apparent  that  both  have  a  backscaiter  component  somewhat  larger  than 
the  diffuse  level.  Of  primary  significance  is  the  fact  that  ihe  Centralah  cell  has  two  specula? 
reflections  separated  by  a  few  degrees,  whereas  the  Heliotek  cell,  as  would  be  expected,  has  a 
single  specular  reflection.  The  model  is  qualitatively  substantiated  by  comparing  ihe  results 
with  actual  photographs  of  the  same  phenomena  (see  Figs.  3  and  4  in  Section  1). 

If  the  distributions  described  above  are  compared  to  those  often  assumed  in  system  evalua¬ 
tion.  the  significance  of  the  illustration  will  be  appreciated.  Tims,  according  to  standard  pro¬ 
cedure,  the  reflection  would  be  assumed  Lambertian — i.e.,  showing  a  constant  hemispherical 
reflection.  In  such  case,  the  value  would  be  determined  from  the  conventional  directional 
reflectance  (p  }  for  which  a  nominal  value  of  10%  (see  Appendix  B)  would  be  used;  this  cor¬ 
responds  to  the  more  or  less  constant  surface  seen  on  the  base  of  the  specular  components  In 
Figs.  1  and  2.  Thus,  in  the  standard  system  analysis,  that  radiation  contained  in  the  specular 
lobe  Is  averaged  over  the  entire  hemisphere. 

In  order  to  carry  out  modeling  of  the  type  illustrated  above,  several  kinds  of  pertinent 
data  are  required.  First,  one  needs  spatial  data  (bidirectional  reflectance,  p*):  these  data 
were  measured  on  all  samples  at  wavelengths  of  0.4  to  0.7  pm,  0.63  pm,  1,06  pm,  and  10,6 
pm.  Second,  one  must  know  the  spectral  properties  of  the  materials;  this  Information  was 

obtained  in  the  form  of  directional  reflectance  (o .}  and  directional  emittanee  (c  .1,  Also,  since 

•  d  a  - 

a  single  measurement  value  may  not  adequately  represent  a  materia!,  several  samples  of  each 
material  were  measured  so  that  the  statistics  of  variability  could  be  determined,  Tncse  data, 
as  presented  in  the  appendices  of  this  report,  are  adequate  for  modeling  the  properties  of  a 
material. 


1 


In  modeling  a  vehicle,  knowledge  of  the  material  properties  is  essential  but  must  he  comple¬ 
mented  with  detailed  information  on  the  geometric  configuration.  In  most  cases  the  vehicle  has 
major  geometric  surface  elen  ems — planes,  cones,  spheres,  etc.  — which  are  assembled  from 
various  materials.  Since  mam,  of  these  geometric  surfaces  are  assembled  from  smaller  ele¬ 
ments,  it  is  necessary  to  ascertain  the  orientation  of  these  smaller  elements.  This  is  ct  prime 
importance  for  materials  such  as  the  solar  cells  and  second-surface  mirrors,  which  have 
specular  characteristics.  Therefore,  it  was  necessary  to  determine  the  orientation  of  the  indi¬ 
vidual  elements  by  optically  measuring  the  direction  normal  of  each  element  (solar  cells  and 
mirrors)  on  the  samples  provided.  From  these  data,  the  mean  orientation  and  standard  devia¬ 
tion  of  the  composite  surface  can  be  established. 

Using  the  data  collected  on  this  program,  reflectance  distributions  can  be  modeled  at  other 
wavelengths  in  the  0.4-  to  22-pm  spectrum  tor  the  solar  cells  as  shown  above  and  similarly 
for  the  other  sample  materials  measured.  The  other  materials  for  which  data  are  available 
include  second-surface  mirrors  (Aerojet  and  TRW),  and  black  as  well  as  white  paints. 

Provided  with  the  data  contained  in  this  report,  and  given  an  appropriate  geometrical  model 
of  a  satellite,  the  system  designer  can  acquire  a  good  radiation  model  of  a  vehicle  which  will 
permit  both  a  qualitative  and  quantitative  evaluation  of  any  vehicle  detection  or  signature.  In 
order  to  preserve  the  measured  data,  a  copy  of  the  data  is  being  retained  m  tape  at  ERIM  for 
any  projected  future  use  by  the  sponsor  or  other  authorized  users. 
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1 

INTRODUCTION 

The  results  of  two  complementary  measurement  programs  on  the  optical  properties  of 
satellite  surface  materials  are  reported.  The  first  program,  entitled  "Determination  of  Sat¬ 
ellite  Observables,"  (DSO),  was  initiated  by  Space  and  Missile  Systems  Organization  (SAMSO). 

Air  Force  Systems  Command,  us  a  prime  contract  (F044701-72-C-0353)  with  AVCO  Systems 
Division.  ER1M  supported  the  AVCO  effort  under  Subcontract  24480S,  with  the  support  objec¬ 
tives  of  initially  assisting  the  prime  contractor  (AVCO)  in  developing  a  basic  measurements 
program  and  then  later,  of  performing  the  measurements,  according  to  plan,  on  selected  sat¬ 
ellite  surface  materials. 

The  second  program,  a  prime  contract  (F04701-72-C-0360)  to  ERIM.  was  entitled  "Opti¬ 
cal  Measurement  Program;”  its  objective  was  to  measure  the  reflectance  properties  of  sel¬ 
ected  satellite  surface  materials  in  order  to  determine  spectral  and  spatial  variability.  The 
sample  materials  were  selected  in  accordance  with  the  measurement  plan  requirements  de¬ 
veloped  on  the  DSO  effort.  Thus  these  two  efforts  were  complementary  and  provided  informa¬ 
tion  allowing  the  calculation  of  satellite  visibility/detection  and  signature. 

To  enable  one  to  predict  the  visibility  and/or  signature  of  a  particular  vehicle,  it  is  nec¬ 
essary  to  obtain  the  basic  material  parameter  values  which  contribute  to  detection  and  the 
signature  criteria.  All  satellite  materials  are  characterized  by  reflectance  and  emittance 
functions  that  can  make  the  vehicle  visible  to  certain  sensors  operating  in  a  particular  spectral 
region.  In  the  visible  through  near-infrared  spectrum,  the  visibility  of  a  satellite  is  a  function 
of  how  much  solar  energy,  earth  albedo,  and/or  artificial  illumination  energy  is  reflected  by 
the  external  parts  of  the  vehicle  structure  and  its  component  parts.  Similarly,  in  the  thermal 
regions  (3-22  pm),  the  self -emission,  reflection,  and/or  artificial  illumination  determine  the 
visibility. 

Visibility  can  be  calculated  from  a  geometric  description  of  the  satellite  and  a  general  de¬ 
scription  of  the  satellite  and  a  general  description  of  the  optical  properties  of  the  vehicle  sur¬ 
face.  Numerous  analyses  have  been  attempted  previously;  all  of  them,  however,  only  bound  the 
problem  and  significantly  diverge  from  reality  for  lack  of  adequate  characterization  of  the  re¬ 
flectance  and  emittance  of  the  surface  materials  of  the  satellite.  That  is,  because  measure¬ 
ment  data  were  not  available,  surfaces  were  considered  either  specular  or  diffuse.  (Generally, 
surfaces  with  low  emittance  tend  to  be  specular  while  surfaces  with  high  emittance  are  apt  to  be 
diffuse;  but  quantitatively,  real  materials  are  frequently  unpredictable  and  usually  neither  diffuse 
nor  s  ocular.) 

To  carry  out  the  design  of  a  satellite,  some  optical  property  data  and  material  characteri¬ 
zation  are  required  to  maintain  thermal  balance  at  a  given  temperature.  These  include:  total 
solar  absorptance,  ag;  total  hemispheric  emittance,  €{;  transmittance,  r;  heat  capacity,  thermal 
conductivity,  etc.  An  adequate  thermal  design  is  usually  accomplished  by  selecting  surfaces 
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having  specific  a s  ratios  such  that  a  desired  q>e  rating  temperature  can  Ik*  maintained  in  a 

particular  compartment.  The  c<tn  characteristic  of  the  surface  enables  the  thermal  designer 
to  achieve  the  desired  temperature  equilibrium  by  making  the  satellite  reflect  the  correct 
fraction  of  environmental  flux  impinging  or;  the  surface  (sun,  earthshine,  moonshine,  etc.)  and 
causing  it  to  emit  the  required  amount  of  internally  generated  heat.  For  normal  thermal  bal¬ 
ance  considerations,  a  refers  to  solar  flux  absorption  primarily  in  the  0.3  mi  to  3  tin  range; 
and  € ^  refers  to  heat  rejection  for  a  source  at  about  300°K  which  has  peak  spectral  radiance  at 
about  10  pm.  Data  on  heat  rejection  arc*  available  for  all  surface  components  of  the  satellite, 
but  such  data  are  completely  inadequate  to  determine  visibility.  Two  basic  features  are  missing; 
spectral  and  spatial  characterization  of  the  surface  reflectance,  and  omittance,  ?t  therefore, 
became  necessary  to  design  a  program  in  which  these  basic  features  would  be  acquired. 

The  necessity  for  careful  study  of  ihe  spatial  distribution  of  reflectance  is  illustrated  by 
Figs.  3  and  4  which  show  the  reflectance  distribution  of  two  different  solar  ceils.  In  F;g.  3, 
the  reflectance  distribution  of  a  cell  manufactured  by  Centralah  is  photographed  and  can  be 
compared  to  that  of  a  cell  manufactured  by  Heliotek  (Fig.  4).  Both  of  these  cells  meet  flight 
test  standards  and  are  used  interchangeably  on  actual  flight  vehicles.  However,  an  assumption 
of  either  diffuse  or  spectral  distribution  would  lead  to  gross  errors  in  any  detection  or  signature 
calculation.  The  only  exception  to  this  might  be  where  the  cells  are  used  in  large  quantities 
and  oriented  over  a  hemisphere;  in  this  case  a  diffuse  assumption  may  be  valid. 

The  quantity  which  describes  the  reflectance  scattering  property  of  a  surface  element  6A 
can  be  defined  as 


p,(Vi;V* r)  =  T 


(1) 


where  E.  is  a  source  irradiance  and  L  is  the  reflected  radiance  (see  Fig.  5).  This  quantity  is 
i  ^ 

the  bidirectional  reflectance  or.  more  appropriately,  may  be  termed  the  reflectance  distribution 
function.  This  function  is  related  to  the  more  familiar  directional  reflectance  (p^)  by 


pd 


4  )dP.' 

r  r 


(2) 


The  function  is  the  wavelength -dependent  reflectance  function  commonly  measured.  Mea¬ 
surements  of  both  quantities  are  convenient  for  characterizing  any  reflecting  surface.  (Note: 
All  measurements  angles  are  given  relative  to  the  sample  normal  and  an  arbitrary  azimuth 
position  located  in  the  sample  plane.) 


Routine  i.-easurement  of  the  directional  reflectance  for  the  selected  samples  provides  their 
wavelength  dependence  in  the  0.24  to  2.6  ym  spectrum.  Adding  this  data  to  the  directional 
emissivity  leads  to  adequate  description  of  the  wavelength  dependence  of  each  material  over 
the  entire  spectrum  of  concern. 
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AH  bidirectional  data  should  be  measured  as  a  function  of  the  linear  polarization  of  the 
source  --’nd  receiver.  This  is  necessary  because  some  sources  are  polarized,  and  significant 
differen  es  tn  the  distributions  have  been  observed.  These  differences,  evident  in  data  pre¬ 
sented  in  Appendices  C  and  D.  are  predictable  from  the  Fresnel  equations  for  relatively  smooth 
surfaces. 

Measurements  of  p'f-T.O  ;  ^..o.)  for  a  variety  of  angular  situations  are  required  to  fully 

IT  2  1 

chaiactcnze  the  distribution  since  the  radiation  source  and  receiver  may  assume  any  number 
of  positions  relative  to  the  sample  normal.  Therefore,  the  plan  must  include  sufficient  mea¬ 
surements  to  allow  evaluation  of  most  situations  that  may  be  encountered.  For  a  homogeneous 
diffuse  material,  in-plane  and  orthogonal  plane  detector  scans  at  four  or  five  source-incidence 
angles  are  adequate.  These  provide  40  data  curves  per  sample  for  two  source  and  receiver 
linear  polarization  combinations. 

Another  angular  situation  often  encountered  is  the  case  where  the  source  and  receiver  arc 
coincident — i.e_.  the  bistaUe  angle  is  small  or  zero.  This  is  more  common  when  an  active 
source  is  used.  For  a  homog  .•»_>  >us,  specular  material,  a  similar  number  of  measurements 
can  adequately  describe  the  sample;  however,  the  scan  angles  are  closely  incremented  at  azi¬ 
muth  and  elevation  angles  near  the  specular  reflections.  Sample  increments  must  be  fine 
enough  tc  resolve  the  specular  structure.  As  part  of  the  WRL/ERIM  program,  a  scan  matrix 
was  developed  which  is  useful  in  describing  the  specular  characteristic;  this  matrix  is  dis¬ 
cussed  in  Sections  2  and  4. 


In  the  infrared  portion  of  the  spectrum,  eir.ittance  is  the  quantity  often  used  to  describe  the 
optical  characteristics  of  a  sample.  The  emittance  of  a  material  is  a  measure  of  how  well  that 
material  emits  radiant  power  in  relation  to  a  perfect  emitter,  called  a  blackbody,  which  emits 
the  maximum  possible  radiant  power  at  any  given  temperature. 


Planck’s  law  gives  a  description  of  blackbody  radiation  as  a  function  of  wavelength,  >[m| . 
and  absolute  temperature,  Tf°K] .  The  quantity  treated  here  is  called  spectral  emittance  and 
denoted  by  Mi(T).*  The  Planck  law  for  a  spectral  emittance  is 


Mj(T)  -  fcrhcV3 


i  /  \  j-l 

icxp  (  -~s  j  -1 1  [power  area -wavelength] 
L  ‘  J 


Ml 


A  real  material  emits  less  radiant  power  than  a  blackbody  at  the  same  temperature.  A 
quantity.  c{>.  T),  describes  the  effect;  it  is  defined  by 


M?(T) 

€{.\.  T)  = 

mJ(t) 


*The  subscript  x  is  used  to  indicate  that  the  symbol  bearing  it  has  dimensions  of  "per  unit 
wavelength."  Otherwise,  spectral  dependence  is  indicated  by  treating  X  as  a  function  argument — 
e.g..  RX). 
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where  MX(T)  is  the  actual  spectral  emittance  of  the  real  material  at  temperature  T  and  M4  (T) 
is  the  (calculable)  spectral  emittance  of  a  blaekbody  at  the  same  temperature.  This  quantity, 
called  the  hemispherical  spectral  emittance,  describes  the  relative  emitting  efficiency  of  a 
surface  in  radiating  into  the  entire  hemisphere  above  the  surface. 

The  directional  distribution  of  the  radiation  composisig  the  spectral  emittance  of  a  black - 
body  is  described  by  Lambert’s  law  which  states  that  the  spectral  intensity  (power/ wavelength- 
solid  angle|  emitted  by  a  unit  area  of  a  blaekbody  in  a  direction  normal  to  its  surface  is  equal 
numerically  to  the  hemispheric  spectral  emittance  o.vided  by  that  this  radiation  intensity 
decreases  as  cos  6  at  polar  emission  angles  6 '  away  from  the  surface  normal;  and  that  the 
radiation  Intensity  is  independent  of  the  azimuth  angle  ©  (see  Fig.  6).  Thus,  the  spectral  ra- 
diance  L^(T;  0  ,  ©  )  (power/area -wavelength -solid  angle),  which  is  the  spectral  intensity  per 
projected  area  at  polar  angle  9 and  azimuth  angle  $  ,  is  invariant  with  angle  for  a  blaekbody 
since  the  cos  9&  intensity  dependence  is  exactly  compensated  by  a  1/cos  0e  projected  area  de¬ 
pendence; 

h  MJ(T> 

L°(T)  =  for  all  e,  6  (5) 

A  *5  “  “ 

The  use  of  projected  area  in  and  actual  area  in  M?  requires  a  factor  of  cos  S  if  radiance 

A.  A  6 

is  integrated  over  the  hemisphere  to  obtain  emittance.  That  is, 
r/2  2s 

Mj(T)=  \  f  L^(T)cos  9edae  (6) 

0  =0  d  =G 
e  e 


in  which  dfl  =  sin  5  da  d6  is  the  elemental  solid  angle. 

&  6  C  & 

A  blaekbody  surface  emits  with  unit  efficiency  not  only  into  a  hemisphere,  but  also  into  every 
direction  in  that  hemisphere.  Real  materials  do  not  have  this  property,  so  an  angularly -variable 
spectral  directional  emittance,  e(*,  T;  ®e»$e)s  is  defined  for  them: 


e(k.T;  = 


L*(T;  V>e) 


(7) 


where  Le(T;  9  )  is  the  radiance  of  wavelength  >.  emitted  from  the  material  surface  of  tem- 

>  c  e 

perature  T  in  the  direction  (se,$e). 

The  emittance  of  a  material  surface  can  be  related  to  other  optical  properties  of  that  sur¬ 
face.  Kirchoff's  law,  based  upon  thermodynamic  reasoning,  states  the  equality  of  the  emittance 
and  absorptance  of  an  opaque  material  in  equilibrium  with  its  environment.  This  law  holds  both 
for  total  hemispheric  quantities  and  for  spectral  directional  quantities.  For  the  latter. 


«>.T;  VV 


M.T,  »t  ■  6,  =  0e) 


(8) 
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where  a(*,T;  3.,$.)  is  the  absorptance*  for  radiation  of  wavelength  incident  on  the  surface  of 
temperature  T  at  polar  angle  and  azimuth  angle  0..  For  an  opaque  material,  conservation  of 
energy  requires  that  the  absorptance  and  reflectance  sum  to  unity  if  both  quantities  are  evalu- 
atedat  the  same  wavelength,  temperature,  angles,  and  polarization.  Thus,  it  follows  that 

e(A.T;  Je,0e)  =  1  -  pik,T:9.  =  =  c&)  =  ofA.T;  3.,$.)  *  (9) 

where  p(>.T;  9., 6.)  is  the  spectral  directional  hemispheric  reflectance**  of  the  material  sur¬ 
face  of  temperature  T,  for  radiation  of  wavelength  >  incident  at  polar  angle  3.  and  azimuth  6., 
This  relationship  is  independent  of  surface  character,  layering  of  different  materials,  etc.,  as 
long  as  the  total  ensemble  of  materials  forming  the  target  is  opaque  and  in  strict  thermal  equi¬ 
librium  with  its  environment. 

Using  the  equation  presented  above,  it  is  obvious  that  a  measurement  of  the  spectral  di¬ 
rectional  emiltance*  (often  referred  to  as  is  essentially  equivalent  to  measuring  the  spec¬ 
tral  directional  reflectance  (p^)  for  the  conditions  mentioned  above. 

During  any  reflectance  or  emissivity  measurements,  special  attention  must  be  given  to  the 
interpretation  of  data  when  the  materials  measured  are  not  opaque.  In  these  cases,  materials 
of  known  reflectances  must  be  used  behind  the  simples,  and  additional  processing  used  to  isolate 
the  measured  data.  Conversely,  when  these  data  are  used  for  future  analysis,  corrections  must 
be  made  for  the  backing  materials  used.  Plainly,  judicious  choices  of  samples  and  sample  com¬ 
position  can  avoid  unnecessary  complications. 

Since  both  the  reflectance  and  err.ittance  spatial  properties  are  strong  functions  of  the 
surface  properties,  any  program  undertaking  these  measurements  should  carefully  measure 
the  surface  conditions — i.e.,  the  RM';  surface  roughness  and  other  parameters.  Micropho¬ 
tographs  of  representative  areas  can  be  useful.  Thus  in  any  comparative  analysts  it  becomes 
necessary  to  show  that  the  surfaces  used  are  essentially  the  same  as  those  measured.  Often 
materials  possessing  the  same  generic  name  hare  quite  different  surface  properties  (e.g., 
roughness,  heat  treatment,  etc.).  Therefore  pertinent  physical  and  chemical  properties  should 
be  determined  and  recorded  to  ensure  proper  utilization  of  the  measured  optical  properties. 


•The  temperature -dependence*  of  absorptance  and  reflectance  is  often  ignored  in  the 
literature.  Generally,  it  should  not  be. 

••Simply  the  fraction  of  the  radiant  power  incident  on  a  surface  from  the  dlreciicn  (3..p.) 
which  is  reflected  (into  all  directions)  by  the  surface. 

^The  term  emittar.ee  is  used  to  describe  the  emitting  efficiency  of  ar.  arbitrary  surface. 
At  EIUM,  the  term  "emissivit.”  is  reserved  specifically  for  describing  the  efficiency  of  a  pure 
substance  with  a  perfectly  flat  surface  and  of  sufficient  thickness  to  he  completely  opaque.  All 
materials  presented  in  this  report  conform  to  the  above  conditions;  therefore,  the  terms  emit- 
tance  and  emissivity  may  be  used  interchangeably. 
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In  general,  the  problems  associated  with  any  comparative  analysis  were  avoided  by  dupli¬ 
cating  actual  material  preparations.  All  samples  measured  were  provided  by  the  Sponsor 
(SAMSO)  through  the  manufacturer  of  the  actual  vehicle  and/or  surface  materials.  As  speci¬ 
fied  at  the  time,  all  surface  ami  substrate  materials  were  required  to  be  the  same  as  on  Right 
%fehicles  and  acceptable  for  flight  use.  In  addition,  all  surface  preparation  ami  assembly  tech¬ 
nique  employed  on  the  actual  vehicle  were  to  be  used  on  components. 

Sample  materials  of  interest  to  the  effort  had  teen  given  a  cursory  examination  by  Aero¬ 
space  Corporation  and  some  samples  were  found  to  have  rather  unique  and  unusual  properties 
111-  Therefore,  at  the  beginning  of  the  program,  it  was  necessary  to  conduct  some  preliminary 
experimentation  before  finalizing  the  measurement  plan  and  commencing  measurements.  This 
preliminary  experimentation  am!  its  results  are  discussed  in  the  next  section  and  followed  in 
Section  3  by  a  discussion  of  the  measurement  program  and  sample  selection.  The  instru¬ 
mentation  is  described  and  data  processing  techniques  discussed  in  Section  4  together  with 
samples  of  the  data.  In  Section  5  data  interpretation  is  discussed  and  the  unique  propertier-  of 
particular  samples  which  have  been  observed  are  presented.  Inter-relationships  of  the  data 
and  its  variability  for  selected  materials  are  shown. 

AU  pertinent  data  resulting  from  the  measurement  program  and  collected  from  other 
sources  are  presented  in  Appendices  A  through  E.  In  Appendix  F  we  summarise  the  EH  AS 
data  format  which  has  been  used  for  data  logging.  ERAS  formats  have  been  used  to  assemble 
and  store  all  of  the  p^,  p'  diffuse,  and  p’  fixed  bistatic  data  in  a  form  whereby  selected  re¬ 
trieval  and-  or  computer  processing  can  be  readily  implemented.  A  master  copy  of  all  the  data 
has  been  retained  in  the  ERIM  Library  lor  future  use  as  requested  by  SAMSO. 


I.  Rawcliffe,  R.,  Reflectance  of  Solar  Cells, 
Csrp.,  15  March  1972, 
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PRELIMINARY  INVESTIGATIONS 

Although  various  types  of  laboratory  measurements  may  be  logically  defined  to  charac¬ 
terize  the  radiative  properties  of  materials,  the  execution  of  the  corresponding  physical  mea¬ 
surements  with  existing  laboratory  apparatus  requires  preliminary  experimentation  with 
actual  samples.  The  experimentation  will  ascertain  the  limits  placed  on  the  apparatus  and 
match  the  measurement  routines  to  the  measurement  requirements  of  the  various  sample 
types.  Real  equipment  has  limits  of  dynamic  range,  spatial  and  spectral  resolution,  ana  a 
finite  accuracy. while  the  logical  definitions  of  radiometric  properties  imply  use  of  ideal  equip¬ 
ment.  In  addition,  real  measurements  have  finite  costs  ami  time  limitations  so  that  the  total 
number  and  the  complexity  of  experimental  operations  must  us  constrained  to  those  sufficient 
to  acquire  realistic  and  representative  data  for  the  task.  Specific  problems  addressed  in  the 
preliminary  investigations  were: 

(1)  Measurement  d  samples  having  a  high  degree  of  specularity 

(2)  Exoatmospheric  simulation  of  the  solar  source 

(3)  Sample  preparation  and  selection 

2.1.  THE  SPECULARITY  PROBLEM 

The  prime  measurement  problem,  made  manifest  by  preliminary  experimental  ion,  was 
the  problem  posed  bv  the  high  degree  of  specularity  of  the  solar  cells,  the  second  surface 
mirrors,  and  the  metalized  mylar.  The  high  specularity  required  that  two  issues  be  dealt  with: 
first,  the  bidirectional  reflectance  values  varied  by  several  orders  of  magnitude:  and  second, 
the  required  spatial  resolution  clanged  radically,  from  the  a  on-specular  to  the  specular  orien¬ 
tation  of  the  sample.  Consequently,  two  separate  measurement  routines  became  necessary.  To 
resolve  the  dynamic  range  and  resolution  issues,  the  reflectance  distribution  function  (o')  was 
divided  Into  two  additive  components,  the  specular  lobe  and  the  slowly  spatially-varying  diffuse 
lobe.  Because  a  significant  fraction  of  the  reflected  flux  appeared  in  the  specular  lobe,  the 
properties  of  the  specular  lobe  were  of  major  importance. 

A  visual  inspection  of  the  sample  materials  also  revealed  that  the  angular  distribution  of 
flux  from  such  components  in  the  far  field  of  the  specular  lobe  could  not  be  calculated.  Dr. 
Rawcliffe,  at  Aerospace,  ■  rovided  pictorial  evidence  that  the  angular  distribution  of  flux  In  the 
near  field  would  significantly  differ  from  that  in  the  far  field  f2j.  Subsequent  measurements 
at  ERIM  confirmed  Rawelifte’s  measurements.  Therefore,  it  was  necessary  to  create  epfieal 
far-field  measurement  conditions  to  obtain  realistic  data  for  the  specular  reflectior,  compo¬ 
nent.  This  far-fleld  measurement  condition  was  implemented  by  intercepting  the  specular 
flux  with  a  large  objective  lens  and  then  measuring  the  incident  flux  at  a  position  one  focal 

2,  Rawcliffe.  R,,  Aerospace  Carp.,  El  Segando,  Calif.,  letter  Communication  to  M,  Bair. 
Willow  Run  Laboratories,  July  1972. 
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length  behind  the  objective  (the  far  field  —  focussed  at  infinity).  A  large-aperture  objective 
urns  used  ir.  order  to  measure  flux  on  the  optic  axis  with  the  goniometer  detector  and  the  off- 
axis  flux  with  photographic  film  on  which  the  fine  structure  of  the  far  field  pattern  is  recorded 
The  acceptance  angle  (or)  of  the  receiver  was  determined  by  the  detector  aperture  according  to 


where  d  *  diameter  of  the  detect  nr  aperture 
f  -  focal  length  of  the  obieciivx- 

The  minimum  value  of  d  is  determined  by  the  Rayleigh  criteria  and.  or  other  limiting  perfor¬ 
mance  characteristics  of  the  particular  objective  being  used. 

Under  coherent  illumination,  the  far -field  specular  Icbe  of  these  components  consisted  of 
interference  patterns  having  various  degrees  of  fine  structure.  This  is  Illustrated  by  a  quali¬ 
tative  comparlscn.in  Fig.  7.  of  the  far-liek!  reflection  from  a  single  solar  cell  using  coherent 
radiation  at  0.63  pm  and  noncoherent  Illumination  (0.4 -0.7  tm).  It  was  determined,  after  con¬ 
sultation  witr.  AVCO  and  SAMSO.  that  recording  of  the  completely  resolved  pattern  of  the  eo- 
isereni  components  would  produce  a  volume  of  data  well  beyond  the  current  requirements  for 
the  modeling  task  being  carried  out  by  AVCO.  Therefore,  the  patters  wes  scanned  Is  raster 
fashion  by  the  goniometer  receiver  with  an  aperture  of  sufficient  sine  to  provide  analog  sntMtn- 
ing  of  the  fine  structure  and  to  record  the  pattern  in  ?  reflectance  matrix  a  columns  wide  and 
having  1 1  elements  per  column. 

Further  -data  redaction  was  performed  vnen  It  was  determined  by  AVCO  that  a  good  repre¬ 
sentation  of  the  data  matrix  could  be  trained  through  a  bull's-eye  (see  Section  5. 1. 1*  repre- 
seitation  eoasisttng  of  5  or  6  data  paints.  The  far -field  pattern,  caused  by  the  cimnce  super¬ 
position  -of  the  specular  lobes  of  two  separate  components  on  the  same  pood,  was  expected  to 
exhibit  an  additional  interference  effect  because  of  the  coherent  interaction  of  flux  from  the  two 
components.  However,  since  the  spacing  of  the  interference  fringes  must  vary  inversely  with 
the  separation  of  the  sources  producing  the  interference,  tht  additional  Interference  was  ex¬ 
pected  to  be  even  more  fine  in  structure  than  that  for  a  single  component. 

The  fine  structure  of  a  single  component  was  not  expected  to  be  resolved  by  the  remote 


One  class  of  solar  cell  had  two  specular  plane  normals,  one  probably  a  reflection  from 
the  cover  glass,  and  the  other  from  the  silicon  wafer.  This  assessment  is  made  on  the  basis 
of  the  color  (spectral)  character  of  the  two  specular  reflections  being  observed  with  white 
light  illumination.  These  cells  which  exhibit  two  independent  specular  returns  require  that  a 
99-element  matrix  of  each  return  be  measured  in  order  to  chn-acterize  the  specular  compo¬ 
nents. 

2.2.  THE  SOLAR  SIMULATION  PROBLEM 

Reflectance  measurements  of  a  source  irradiance  simulation  of  the  exoatmosphc-ric  solar 
spectrum  covering  the  0.4  to  0.7  {im,  visible,  bandpass  were  required.  The  large  ultraviolet 
component  of  sunlight  outside  the  earth's  atmosphere  required  a  source  which  produced  an 
unusual  amount  of  ultraviolet  radiation. 

The  xenon  lamp  was  chosen  as  the  most  suitable  of  possible  sources  for  solar  simulation. 
High-temperature  tungsten  lamps  operate  at  a  relatively  low  color  temperature  (2850  to 
3200°K).  Too  little  ultraviolet  radiation  is  produced  in  the  300-  to  375  -mm  range  for  practical 
use.  Carbon  arc  lamps  produce  copious  ultraviolet  radiation,  but  here  it  arises  from  line 
spectra  in  the  flame  of  the  carbon  arc.  The  carbon  electrode  blackbodv  radiation  has  a  color 
temperature  of  about  3850°K.  The  carbon  arc  is  difficult  to  stabilize,  and  suitable  filters  to 
moderate  the  ultraviolet  line  spectrum  for  solar  simulation  are  not  known. 

A  preliminary  investigation  indicated  that  a  combination  of  the  xenon  arc  lamp  and  two 
glass  filters,  Corning  No.  3965  and  U-0793A,  would  produce  a  spectrum  resembling  the  exo- 
atmospheric  sunlight  spectrum  published  by  NASA  [3].  The  relative  spectral  intensity  of  the 
xenon  lamp  plus  filters  was  measured  with  the  Beckman  DK-II  spectrophotometer  and  a  2850°K 
tungsten  lamp  as  the  reference  standard.  The  relative  spectral  intensity  spectrum  obtained 
is  compared  with  that  of  the  exoatmospheric  NASA  solar  spectrum  in  Fig.  8.  A  relatively  good 
simulation  was  obtained  across  the  major  responsivity  spectrum  of  the  S-20  photocathode. 
Maximum  departure  occurs  in  the  UV  spectrum  below  0.375  pm,  as  would  be  expected.  The 
error  imparted  by  this  mismatch  can  be  readily  evaluated.  Evaluation  is  accomplished  by 
comparing  the  broadband  reflectance  values  of  a  solar  cell  illuminated  first  with  the  sun  and 
then  with  the  simulation  source.  In  both  cases  the  spectral  responsivity  of  the  S-20  photo¬ 
cathode  is  assumed.  Thus,  for  the  comparison,  the  following  relationships  are  evaluated  using 
the  spectral  reflectance  (prf)  measured  on  the  Beckman  DK-II: 

(r(a,  S-20)p.(A,  celDE  (sun)d. 

p  ,  (cell,  sun)  *  - 7 - 2 - * - *  O') 

a  |R(A,  S-20)EA(sun)d 

3.  Theka  elara,  M.,  Evaluating  the  Light  from  the  Sun,  Optical  Spectra,  March  1972,  p.  320. 
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RELATIVE  SPECTRAL  IRRADIANCE 


WAVELENGTH  (pm) 

FIGURE  3.  EXOATMOSPHERIC  SOLAR  SIMULATION  IN  THE  0.4-  to  0.7 -/im  b.AOPASS 
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and 

jR(A ,  S-20)p.{A,  cellJE  (sim)d 

p ,  (cell,  sim)  =  ± - = - H - - i. - L  (12) 

Jr(a,  S-20)EA(sim)dA 

where  p(cell,  sun)  -  broadband  reflectance  resulting  from  sunlight  in  the  S-20  spectral 

range 

K(A,  S-20)  -  spectral  responsivity  of  the  S-20  photo  emissive  tube  read  from  an  RCA 
chart 

E^fsun)  =  exo-atmospheric  spectral  irradiance  of  the  sun  taken  from  NASA  tables 
E^fsim)  =  relative  spectral  irradiance  of  the  simulated  sunlight — the  xenon  lamp 
and  two  filters 

pfcell,  sim)  =  broadband  reflectance  due  to  simulated  sunlight  in  the  S-20  spectral 
range 

For  good  simulation,  these  two  values  of  broadband  reflectance,  pfcell,  sun)  and  pfcell, 
sim),  should  be  approximately  the  same.  Results  of  the  calculations  were 

pfcell,  sun)  =  0.227 

and 

pfcell,  sim)  =  0.213 

The  fact  that  these  two  values  are  in  reasonable  agreement  (within  10%)  indicates  that  the 
simulation  yields  results  within  the  accuracy  expected  of  many  broadband  radiometric  mea¬ 
surements.  Therefore,  the  simulation  was  considered  adequate.  This  result  is  of  particular 
importance  because  the  total  reflectance  is  heavily  weighted  in  the  UV  due  to  the  reflectance 
characteristics  of  the  solar  cells  (see  Appendix  B). 

During  the  preliminary  investigations,  data  comparison  for  solar  illumination  with  the 
scotopic  and  photopic  eye  responsivity  were  anticipated  because  much  data  had  been  reported 
earlier  in  stellar  magnitudes.  It  was  determined  that  bolh  receiver  responsivities  could  be 
obtained  with  standard  Corning  filters  over  commercially  available  detectors.  The  respon¬ 
sivity  matches  obtained  are  shown  in  Figs.  9  and  10  for  both  the  scotopic  and  photopic  eye. 
Neither  of  these  systems  were  utilized  during  data  collection  but  are  included  for  future  ref¬ 
erence. 

2.3.  THE  SAMPLE  SELECTION  PROBLEM 

Sample  selection  and  construction  were  initiated  early  in  the  program  following  discus¬ 
sions  at  SAMSO.  All  samples  were  prepared  by  the  same  contractors  who  prepared  and 
assembled  the  flight  hardware.  Solar  cells,  second  surface  mirrors,  and  painted  surfaces 
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were  to  be  constructed  from  components  and  materials  used  in  actual  flight  hardware.  All 
materials  were  to  be  mounted  on  the  same  substrate  framework  being  used  on  actual  flight 
equipment.  Samples  of  all  substrate  and  hardware  components  were  included  in  the  sample 
selection.  Sample  acquisition  was  carried  out  by  SAMSO  in  agreement  with  contractual 
arrangements  with  only  two  exceptions.  In  the  case  of  the  thermal  trim  tape  and  aluminized 
mylar,  samples  of  the  materials  were  provided  from  the  flight  hardware  assembly  shops  at 
Aerojet  and  TRW  Systems.  ERIM  constructed  representative  sample  substrates. 

The  samples  of  trim  tape  were  readily  assembled  since, in  flight  hardware,  the  aluminized 
tape  is  randomly  applied  to  the  thermal  control  mirrors.  As  such,  the  tape  was  applied  tc 
glass  cover  slides  attached  to  an  aluminum  plate  to  simulate  the  flight  hardware. 

The  samples  of  metalized  mylar  were  highly  specular  and,  consequently,  the  specular 
measurement  routine  which  was  planned  for  metalized  mylar  was  similar  to  that  for  the  second 
surface  mirrors.  Although  metalized  mylar  did  not  have  a  segmented  structure,  the  placement 
of  a  mask  over  a  representative  selection  of  areas  provided  the  statistical  properties  of  a 
complete  panel  of  mylar.  With  preliminary  experimentation  it  became  clear  that  the  surface 
properties  affecting  the  specular  lobes  and  surface  normals  depended  greatly  upon  the  manner 
of  mounting  of  the  mylar.  Stretching  the  mylar  produced  non-random  undulations  in  the  surface. 
Tbe  direction  of  undulations  depended  upon  the  direction  of  maximum  stress.  Consequently, 
no  significant  specular  lcbe  measurement  could  be  made  on  tills  material  without  knowledge  of 
the  specific  mounting  techniques.  Metalized  mylar  sample  preparation  proved  to  be  rather 
difficult  and  eventually  was  eliminated  from  the  measurement  plan. 
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3 

MEASUREMENT  PLAN 


The  meas  'ement  plan  was  developed  to  provide  data  on  the  spectral  and  spatial  reflectance 
properties  as  well  as  on  the  variance  of  those  properties  for  satellite  surface  materials  of  in¬ 
terest.  Particular  emphasis  was  placed  upon  ensuring  that  the  data  were  applicable  to  the  satel¬ 
lite  modeling  tasks  being  carried  out  by  AVCO.  Necessarily,  the  plan  was  altered  several  times 
to  permit  re-direction  of  measurement  emphasis  as  data  results  on  specific  materials  dictated. 
The  plan  logically  comprised  three  tasks.  The  first  dealt  with  sample  selection  and  fabrication. 
The  second  vas  concerned  with  those  measurements  required  to  define  the  mean  value  and 
standard  deviation  of  the  spectral  reflectance  or  emittance  of  the  satellite  surface  materials. 

The  third  task  was  designed  to  give  a  measure  of  the  mean  and  variance  of  the  spatial  distri¬ 
bution  of  the  radiation. 

Scope  of  the  plan  was  necessarily  limited  in  order  to  keep  within  a  limited  time  frame  and 
budget.  The  plan  was  so  designed  that  first-order  spectral  and  spatial  information  could  be 
extracted  from  the  data  over  the  spectral  range  extending  from  the  ultraviolet  (0.24  ,.m)  to  the 
far  IR  (22  pni).  Also,  it  tends  to  emphasize  those  wavelengths  and  materials  currently  of  prime 
interest  to  the  sponsor. 

3.1.  SAMPLE  SELECTION  AND  PREPARATION 

Much  effort  went  into  selection  and  preparation  of  the  samples  measured  because  seemingly 
unimportant  differences  between  two  samples  can  cause  their  reflectance  properties  to  vary 
significantly.  Thus,  great  care  was  taken  in  preparing  the  samples  measured!  to  assure  that 
they  were  in  every  way  identical  to  the  materials  used  in  actual  satellites.  In  fact,  all  samples 
were  made  of  the  same  materials  and  substrates  as  used  on  satellites.  Where  such  materials 
might  be  supplied  by  two  different  vendors — as  was  the  case  for  the  solar  cells  and  second- 
surface  thermal  control  mirrors — samples  from  both  vendors  were  measured.  The  samples 
were  assembled  following  the  same  procedures  used  in  the  construction  of  satellites  and,  in 
fact,  were  assembled  by  the  satellite  contractors.  (All  samples  were  acquired  by  SAMSO  from 
their  contractors.)  As  the  samples  arrived  at  ERIM,  each  was  entered  in  our  master  log  and 
assigned  a  control  number.  These  samples  are  listed  and  described  in  Table  1. 

3.2.  SPECTRAL  CHARACTERISTICS 

The  spectral  character  of  the  opaque  materials  listed  in  Table  1  can  be  readily  determined 
by  measuring  either  the  directional  reflectance  (p^)  and,  or  directional  emittance  (c(J).  The 
relationship  of  these  two  quantities,  discussed  earlier,  is  as  given  in  Eq.  (9).  Sponsor  require¬ 
ments  dictated  that  emphasis  be  placed  on  the  visible  to  near-infrared  spectrum.  Thus,  the 
measurement  plan  for  determining  the  spectral  character  of  materials  has  emphasized  the 
spectral  region  extending  from  0.24  to  2.6  |.m.  In  this  spectral  region,  sufficient  data  are 
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TABLE  1.  SAMPLE  DESCRIPTION 


Sj  tuple 

Description 

Subftintc 

3157 

3*aiS  Alummiied  Mylar 

Aluminum 

3155 

Thermal  Control  Mirrors.  2nd  Surface 

Honeycombed  Aluminum 

3159 

Alaninufd  Reflectance  Tape 

Aluminum 

JIM 

Thermal  Control  Blar*ef  Material 

3151 

Fiberglass  Honeycomb  Aluminum 

3152 

Tape  from  *3155  Applied  to  Glass 

Cover  Slide  (thermal  tnn  tapri 

Aluminum 

3163 

Tape  from  *3153  Applied  to  Glass 

Cot er  Slide  {thermal  In®  tape) 

Aluminum 

3159 

Tape  from  0153  Applied  to  Glass 

Cover  Slide  (thermal  trim  tape) 

.Alum;  rum 

3155 

Thermal  Corgrol  Mirrors  Mounted  or. 
Equipment  Door.  Door  is  Double 
Ataacsja  with  Ax  Honeycomb 
Separation. 

3173 

A  la  mi  tired  Reflectance  Tape 

Black  A  nod  teed  Aluminum 

3175 

H -Type  SoUr  Cell 

Fiberglass  Honeycomb 

3179 

K-Tepe  SoUr  Cell 

Fiberglass  Honeycomb 

3130 

C  -Type  Solar  Cell 

fiberglass  Hooeyco mb 

3131 

C-Tvpe  Solar  Cell 

Fiberglass  Hca^ry comb 

3152 

il -Type  Solar  Cell 

Alum; rum  Honeycomb 

3153 

H-Trpe  Solar  Cell 

Aluminum  Honey  com.* 

JIM 

C-Tjrpe  SoUr  Cel) 

Aluminum  Honeycomb 

3155 

C-Tvpe  ScUr  Cell 

Aluminum  Honeycomb 

3136 

H-Type  SoUr  Cell 

Ahtsiiin  Honeycomb 

3157 

C-Type  Solar  Cell 

Aluminum  Honeycomb 

3155 

SoUr  Cell 

Fiberglass  Ikwycorafc 

3159 

Veond-Ssrlaee  Mirrors 

HTV  566  *itn  Me  Backing 

3190 

Second -Surface  Mirrors 

RTV  566  with  Me  Backing 

3171 

Sec  cod -Surface  Mirrors 

HTV  56€  *jth  Fiberglass 
PlCC!C< 

3192 

Second -Surface  Mirrors 

RTV  5M  ni*,h  FlNrrgiis* 
Backing 

3193 

Second -Surface  Mirrors 

RTV  Sc(  with  Fiberglass 
Backing 

3199 

Second -Surface  Mirrors 

RTV  515  with  Fiberglass 
Backing 

3195 

Second -Surface  Mirror* 

RTV  SIS  *gh  Fib- r  glass 
Back! og 

3196 

Sec oed -Surf are  Mirrors 

RTV  $15  with  Fiber  glass 
Backing 

3197 

Black  Velvet  Paint 

M« 

3195 

Black  Velvet  Paint 

Me 

3199 

BUek  Velvet  Pa  let 

Mg 

3290 

Second -Surface  Mirror 

RTV  SIS  with  Mg  Backing 

3201 

Second -Surface  Mirror 

RTV  SI 5  w«h  Mg  Backing 

3292 

Second  -Surface  Mirror 

RTV  SIS  with  Mg  Backing 

3203 

White  Paint  Panel 

Mg 

3  UK 

White  Patet  Panel 

Mg 

3205 

White  Paint  Panel 

Me 

3305 

White  Paint  Panel 

Mg 

3207 

White  Pairs  Panel 

Mf 

3201 

White  Paint  Panel 

Mg 

3209 

Whit*  Pales  Pane! 

Mg 

3213 

3M  Black  Velvet  rains 

3313 

Second  -Surface  Mirror 

3315 

SoUr  Ceil 

3215 

White  Paint 

3215 

White  Thermal  Control  Paint 
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available  for  each  material  to  precisely  determine  the  mean  and  standard  deviation  of  eac  i  ma¬ 
terial  selected.  Differences  relating  to  manufacturer  were  also  a  prime  consideration. 

For  the  infrared  spectrum,  because  of  time  and  fund  limitations,  only  one  or  two  data  curves 
for  each  type  material  were  measured  (or  acquired  from  other  laboratories).  These,  of  course, 
while  not  allowing  one  to  determine  a  mean  or  standard  deviation,  permit  a  first-order  evalua¬ 
tion  of  the  material  characteristic.  The  initial  plan  provided  for  collection  of  directional  emis- 
sivity  data  as  a  function  of  sensor  viewing  angle  and  temperature.  Subsequently,  a  data  search 
revealed  that  pertinent  data  were  available  from  TRW  Systems,  Illinois  Institute  of  Technology 
(IITRI),  and  the  ERIM  Target  Signature  Analysis  Center  (TSAC).  With  this  dam,  a  first-order 
characterization  of  the  principal  sample  materials  could  be  obtained.  Therefore,  in  keeping 
with  program  emphasis,  these  data  were  utilized  to  satisfy  program  requirements. 

A  description  of  the  spectral  measurement  instrumentation  can  be  found  in  Seciicn  4;  mea¬ 
sured  data  are  contained  in  Appendix  B. 

3.3.  SPATIAL  CHARACTERISTICS 

The  spatial  distribution  of  radiation  emanating  from  sample  materials  being  measured  was 
caused  by  two  distinctly  different  effects.  One,  the  bidirectional  reflectance  (p'),is  strictly  a 
function  of  the  materials  making  up  the  sample  surface.  The  other  effect,  which  determines 
spatial  distribution,  is  the  orientation  of  the  direction  normal  for  individual  elements  making 
up  the  sample  surface. 

The  direction  normal  becomes  particularly  important  in  the  case  of  samples  comprised 
of  elements  that  tend  to  be  specular  —  e.g.,  the  solar  cell  and  second-surface  mirrors  being 
measured  on  this  effort.  But  for  sample  materials  having  a  diffuse  character,  the  direction 
normal  is  not  significant.  Thus,  the  measurements  required  to  adequately  describe  the  spatial 
distribution  of  the  various  materials  will  differ,  ard  the  samples  measured  may  be  logically- 
separated  into  two  categories:  those  which  are  ''diffuse"  and  those  which  are  "specular." 

The  bidirectional  reflectance  measurements  were  made  with  the  source  and  receiver  po¬ 
larization  and  the-  wavelength  of  the  source  as  parameters.  The  wavelengths  were  chosen  to 
emphasize  the  visible  to  near-IR  spectrum  and  such  that  extrapolation  and  interpolation  tech¬ 
niques  could  be  used  to  provide  first-order  data  at  other  than  the  measured  wavelengths.  We 
used  the  laser  wavelengths  of  0.63  *.m,  1.06  urn,  and  10.6  um,  and  one  incoherent  broadband 
source  in  the  visible  to  simulate  solar  radiation  in  the  0.4-  to  0.7-pm  spectrum.  Both  source 
and  receiver  were  polarized  for  all  of  the  laser  wavelengths,  but  only  the  receiver  was  polarized 
in  the  incoherent  band.  This  •’pproach  simulates  realistic  cases  which  might  be  encountered. 

The  following  sections  give  a  more  detailed  description  of  the  measurements  plan  rationale. 
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3.3.1.  DIRECTIONAL  NORMAL  MEASUREMENTS 

The  specular  samples  were  constructed  of  individual  cells  or  mirrors  mounted  by  hand  to 
a  substrate.  The  effect  of  such  construction  is  that  each  element  reflects  an  incident  beam  of 
light  in  a  slightly  different  direction.  Fig.  11(b)  is  an  illustration  of  what  happens  when  an  array 
of  mirrors  is  illuminated  by  a  collimated  beam  of  light.  The  measurement  problem  is  evident. 
Nevertheless,  a  technique  was  developed  by  which  the  deviation  of  each  element’s  direction 
normal  from  the  substrate's  direction  normal  could  be  measured.  The  statistics  thus  obtained 
were  of  course  essential  in  determining  the  radiation  energy  distribution  of  the  samples  com¬ 
posed  cf  specular  elements. 


3.3.2.  p  SPECULAR  MEASUREMENTS 

The  directional  normal  measurement  determines  where.in  space,  the  element  puts  its 
specularly  reflected  component  in  relation  to  the  substrate  normal,  but  does  not  give  any  infor¬ 
mation  about  the  bidirectional  reflectance  of  that  element.  Following  preliminary  experimenta¬ 
tion,  it  was  decided  that  a  99-element  (9x11)  measurement  matrix  would  provide  the  desired 
bidirectional  reflectance  spatial  contour  for  the  solar  cells  and  second -surface  mirrors.  These 
measurements  were  confined  to  a  small  solid  angle  surrounding  the  specular  angle  and  are 
subsequently  referred  to  as  the  specular  p‘  measurements. 

The  1.0°  x  0.9°  measurement  matrix  consisted  cf  a  set  of  99  points  taken  at  0.1  deg  incre¬ 
ments  using  a  0.2  deg  aperture,  or  a  2.0°  x  1.8°  matrix  taken  at  0.2  deg  increments  using  a  C.4 
deg  aperture.  The  smaller  matrix  is  preferred,  while  the  larger  one  is  usee  only  when  neces¬ 
sary  to  cover  the  extent  of  the  specular  reflection. 

Hardware  modifications  to  the  gonioreflectometer  were  necessary  to  permit  all  matrix 
measurements  to  be  made  in  the  far-field  at  the  laser  wavelengths  of  0.63  pm  and  1.06  pm, 
ami  for  the  incoherent  white  light  source.  Because  hardware  are  not  available  for  similar 
modifications  in  the  IRband,  the  10.6  pm  plan  was  necessarily  different  (see  Section  3.3.4). 
Following  initial  tests  by  AVCO,  the  93-point  matrix  was  further  manipulated  to  form  a  bull’s- 
eye  representation  of  the  matrix  (for  which  circular  symmetry  of  the  reflection  was  assumed). 
The  primary  purpose  of  the  bull's-eye  representation  was  to  reduce  the  number  of  data  points 
to  a  more  manageable  number. 

Matrix  measurements  were  designed  to  obtain  the  mean  and  standard  deviation  of  sample 
elements  (solar  cells  and  second-surface  mirrors)  having  specular  reflection.  Multiple  samples 
were  selected  for  all  component  manufacturers,  and  at  least  three  elements  per  sample  were 
measured.  The  matrix  of  each  element  of  each  sample  was  measured  at  source  incidence  angles 
cf  5,  20,  40,  and  60  degrees,  respectively.  These  measurements  are  adequate  for  all  elements 
having  azimuthal  symmetry,  such  as  the  mirrors.  However,  for  the  solar  cells,  a  visual  check 
quickly  show®!  that  additional  measurements  are  necessary  since  azimuthal  symmetry  does 
not  exist.  Therefore,  the  matrix  measurements  described  above  were  carried  out  at  two  azimuth 
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FIGURE  11.  MATTER  DIAGRAM  OF  INDIVIDUAL  CELL  REFLECTANCE  (SAMPLE  3185) 
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planes  (6.)  for  each  solar  cell  element.  Planes  of  0  to  180°  and  90-270°  were  used  to  describe 
the  extreme  conditions.  {Note:  All  matrix  measurements  were  carried  out  with  linear  polariza¬ 
tion  of  the  source  and  receiver  as  a  parameter.) 

3.3.3.  p*  DIFFUSE  MEASUREMENTS 

The  direction  normal  and  matrix  measurements  describe  the  specular  bid:,  fictional  reflec¬ 
tance  of  each  element  on  the  solar  cell  and  second-surface  mirror  arrays.  It  is  also  important 
to  know  the  magnitude  of  the  diffuse  component  and  the  reflectance  contribution  from  the  inter¬ 
sections  ana  junctions  of  the  individual  elements.  Tnis  information  is  obtained  by  illuminating 
the  junction  between  four  adjacent  elements  as  well  as  portions  of  the  elements,  and  then  mea¬ 
suring  the  scattered  radiation.  Such  measurement  is  referred  to  as  a  diffuse  p'  measurement 
and  can  be  performed  with  currently  configured  hardware. 

Diffuse  reflectance  measurements  were  carried  out  on  one  junction  of  each  sample  mea¬ 
sured  in  Section  3.3.2,  at  source  incidence  angles  of  0  to  40°.  The  angles  were  limited,  because 
if  indeed  the  reflection  is  approximately  diffuse,  the  Lambertian  distribution  may  be  applied  and 
data  extrapolated  to  other  angles.  This  diffuse  p'  data  can  then  be  combined  with  the  snecuiar 
p’  matrix  data  to  obtain  a  complete  polarized  reflectance  function  for  the  solar  cells  and  second- 
surface  mirrors. 

Bidirectional  reflectance  measurements  were  also  made  on  all  other  samples  classified  as 
diffuse — i.e.,  having  no  significant  specular  component.  These  measurements  were  at  the  laser 
wavelengths  of  0.63  am  and  1.06  urn  and  also  with  the  incoherent  broadband  visible  solar  source 
with  iinear  polarization  of  the  source  and  receiver  as  a  parameter.  Source  incidence  angles 
were  set  at  20,  40,  and  60  degrees  with  the  receiver  being  scanned  both  in  0  degrees  ami  90  degrees 
out  of  the  incident  plane.  Measurements  were  also  made  at  0  degree  incidence  with  the  receiver 
scanning  the  0-180  azimuth  plane  cf  the  sample.  Plots  of  the  p’  measurements  made  on  the  dif¬ 
fuse  samples  as  well  as  of  the  p*  diffuse  measurements  made  on  the  specular  samples  appear  is 
Appendix  C. 

3.3.4.  MONOSTATIC  REFLECTIONS  AT  10.6  m 

Hardware  limitations  required  the  measurements  plan  at  10.6  pm  to  be  somewhat  different 
than  at  ether  wavelengths.  The  polarized  source  and  receiver  were  arranged  in  a  fixed  bistatic 
(essentially  monostalic — J  =  0.26°)  configuration.  The  sample  element  was  then  placed  in  the 

Q 

far  field  of  the  source  and  rotated  through  ISO  while  the  reflected  radiation  was  monitored. 

Samples  for  these  measurements  were  selected  as  discussed  in  prior  sections — a  minimum 
of  three  elements  on  each  sample  being  measured  such  that  the  mean  and  standard  deviation 
could  be  obtained.  Checks  are  to  be  mace  on  the  azimuthal  dependence:  however,  measurements 
in  rate  plane  should  be  adequate  since  azimuthal  symmetry  on  all  samples  is  expected.  (Mote: 

Solar  cells  are  covered  with  a  quartz  plate  which  should  have  no  azimuthal  dependence  as  ob¬ 
served  in  the  visible  range.} 
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In  general,  the  measurements  will  be  usefu.  for  applications  where  polarized  or  unpolarlzed 


roenostatic  eostdttions  occur.  Because  these  measure  neats  were  made  in  the  ERiM  dark  tunnel, 
they  are  often  referred  to  as  the  "tunnel”  or  10.5  yrs  tunnel  mea su re meat s .  The  measurement 
setup  is  detailed  in  Section  4.  Appendix  E  contains  a  tabulation  of  the  measured  data. 


3.4.  MEASUREMENT  PLAN  SUMMARY 

The  measurement  plan  discussed  in  preceding  sections  is  presented  in  Table  2.  Data  re¬ 
sulting  from  this  plan  prorides  the  sponsor  with  basic  quantitative  information  with  which  to 
describe  the  optical  characteristics  tf  selected  satellite  surface  materials  orer  the  0.4-  to 

22 - m  soectruns.  Soatial  distrQjntien  information  p'{.\J  at  selected  wavelengths  Ca  )  is  pre- 

o  o 

seated  which  can  be  extended  to  other  wavelengths  by  changing  the  magnitude  according  to  the 
relationship 


pd‘XN) 


(a. 


,)p, 


d'V 


f!3l 


This  approach  is  generally  applicable  to  conditions  where  the  ratios  of  |Pd(A0lI  £ 

1.0  *  0. 1.  This  "rule  of  thumb”  has  been  used  successfully  in  simitar  applications:  however, 
exceptions  have  been  found  so  some  caution  should  be  exercised  in  its  app!:cat»cn 


TABLE  2.  MEASUREMENT  PLAN  SUMMARY 
(The  tabulation  indicates  the  number  of  areas  measured  under  each  condition.) 
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This  is  the  second  reflection  from  the  C-Type  cell  which  has  a  blue  cast  when  illuminated  by  white 


INSTRUMENTATION  AND  DATA  PROCESSING 


4.1.  DIRECTION  NORMAL  MEASUREMENTS 

The  solar  cell  and  second -surface  mirror  arra\s  were  treated  as  though  comprised  of  indi¬ 
vidual  cells  or  elements  with  planar  surfaces.  The  problem  was  to  determine  the  angle  between 
the  plane  of  eacli  cell  or  element  and  the  substrate.  This  was  accomplished  by  directing  a  col¬ 
limated  laser  beam  incident  at  a  small  angle  on  each  cell  or  element,  the  beam  size  being  slightlv 
less  than  the  cell  size.  A  measure  of  the  normal  for  each  element  was  obtained  by  setting  up  a 
screen  to  intercept  the  reflected  beam  and  observing  the  location  of  the  center  of  this  reflected 
beam  relative  to  the  incident  beam.  Note  that  the  sample  normal  lies  halfway  between  the  inci¬ 
dent  and  reflected  beams  as  illustrated  in  the  upper  part  cf  Fig.  11.  The  angle  (position  or.  the 
screen)  of  the  sample  substrate  normal  was  determined  by  replacing  the  sample  with  a  large 
plane  mirror.  In  this  way  we  found  the  angle  of  each  element  relative  to  the  substrate.  Pre¬ 
cision,  as  determined  by  repeated  measurements,  was  found  to  be  within  gl  mrad. 

The  procedure  followed  for  these  measurements  was  as  follows:  (1)  mount  the  sample  on 
the  x,  y  positioner,  (2)  place  a  plane  mirror  on  the  substrate  ar.d  record  where  its  reflection 
falls  on  the  screen.  (3)  position  the  sample  in  x  or  v  for  reflection  from  one  cell,  and  (4)  record 
on  the  screen  the  position  of  the  reflected  beam  by  writing  the  cell  number  at  what  appears  to 
be  the  center  of  the  pattern.  The  beam  pattern  was  distorted,  of  course,  because  the  cell  sur¬ 
face  was  not  entirely  planar.  Figure  12  illustrates  how  the  area  condition  numbers  were  as¬ 
signed  to  the  individual  elements  of  the  solar  cell  and  second -surface  mirror  samples. 

To  check  measurement  precision,  a  different  team  of  workers  repeated  the  same  measure¬ 
ments  on  two  36-element  samples.  The  average  angular  displacement  values  thus  obtained 
agreed  to  within  1  mrad  with  the  original  measurements. 

A  scatter  diagram  of  the  cell  reflectance  for  one  of  the  solar  cell  samples  manufactured 
by  Centralab  (and  thus  referred  to  as  a  C-type  solar  cell)  is  shown  in  Fig.  11.  This  type  solar 
cell  has  two  reflections  from  each  element  as  indicated  by  the  X  ai  d  0  in  the  figure.  The  co¬ 
ordinate  system  was  constructed  using  the  plane  mirror  reflection  as  the  origin,  with  the  X  axis 
horizontal  and  passing  through  the  laser  source  beam  (off  to  the  left  of  the  figure).  The  coordi¬ 
nates  of  each  beam  reflection  were  then  recorded  in  inches  and  transcribed  to  punched  computer 
cards.  A  computer  program  was  used  to:  (!)  convert  the  reflection  displacements  info  direction 
normal  displacements  in  centimeters,  (2)  calculate  the  zenith  and  azimuth  angles  of  the  cell's 
direction  normal,  and  (3)  place  these  data  on  computer  cards.  A  listing  of  all  measured  data 
appears  in  Appendix  A. 

4.2.  DIRECTIONAL  REFLECTANCE  AND  EMITTANCE 

Two  instruments  were  utilized  to  determine  the  spectral  character  of  the  sample  materials. 
One  was  a  Beckman  DK-II  spectrophotometer  to  measure  the  spectral  directional  reflectance 
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FIGURE  12.  CELL  NUMBERING  FOR  SOLAR  CELLS  AND  MIRRORS.  Shingles  are  always 
numbered  from  bottom  to  top,  left  to  right.  Asterisk  shows  beginning  of  cell  numbering. 
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(p^)  over  the  spectrum  extending  irom  0.24  to  2.6  ,  '  The  second  instrument,  an  emissometer, 
measured  the  spectral  directional  emissivity  h.  *\  22  spectrum:  it  was  constructed  by 

ERIM  personnel  under  sponsorship  of  ARPA,  c  OAHC  15-67-C-C062,  and  utilized  here  on 

a  non-interference  basis.  Both  instruments  an  described  in  succeeding  sections. 

4.2.1.  BECKMAN  DK-II  SPECTROPHOTOMETER 

This  general-purpose  laboratory  instrument  was  used  for  measuring  of  the  satellite 
surface  materials.  Because  it  is  a  ratio-recording  instrument  which  employs  the  double-beam 
concept  and  utilizes  common  electronics,  sources,  and  detectors,  it  can  reduce  systemic  errors 
induced  by  changes  in  the  system.  Energy  from  a  prism  monochromator  is  chopped  and  alter¬ 
nately  illuminates  a  reference  and  measurement  sample  mounted  in  an  integrating  sphere  coated 
with  barium  suflate  (see  Fig.  13).  Energies  reflected  from  the  sample  and  the  reference  are 
alternately  detected  and  the  ratio  recorded  on  an  x-y  recorder. 

Source  incidence  angle  on  the  sample  is  either  0°  or  5°,  depending  on  the  measurement 
quantity  required.  The  angle  is  changed  at  the  mounting  part  by  reversing  the  sample  plate.  At 
5°  incidence,  the  total  hemispheric  reflectance  is  measured:  whereas  at  0°,  the  specular  com¬ 
ponent  is  excluded  and  the  measured  value  consists  of  only  that  part  considered  diffuse.  All 
data  were  measured  at  5°  to  include  the  specular  component. 

All  pd  measurements  were  made  at  approximately  70°F  using  a  BaSO^  reference  standard 
and  a  sample  surface  area  of  approximately  3. '8  in.  diameter.  Necessary  corrections  for  the 
reference  sample  reflectance  were  made:  thus  the  data  provided  is  absolute  and  not  relative  to 
barium  sulfate.  The  instrument  has  a  measurement  precision  of  Hj,  and  absolute  accuracies 
better  than  ±5%  can  be  expected.  Spectral  resolution  with  the  integrating  sphere  reflectance 
attachment  varies  from  50  A  in  the  visible  spectrum  to  several  hundred  Angstroms  at  2.6  pm. 

The  graphical  data  were  digitized  and  these  values  punched  on  computer  cards.  The  cards 
were  run  through  a  computer  program  which  corrected  the  data  for  the  reference  used,  and  gen¬ 
erated  another  set  of  computer  cards  containing  the  absolute  reflectance  values  in.  the  appro¬ 
priate  ERAS  format.*  Computer  plots  of  the  absolute  directional  reflectance  data  were  also 
made.  The  resulting  data  are  presented  in  Appendix  B  of  this  report. 

4.2.2.  SPECTRAL  EMISSOMETER 

The  spectral  directional  emissivity  measurements  (e^)  were  taken  with  an  emissometer 
constructed  by  ERIM  personnel.  The  emissometer  is  illustrated  schematically  in  Fig.  14. 

(1)  The  sample  is  mounted  on  a  sample  holder  maintained  at  a  constant  temperature  by  a 
circulating  liquid.  Thermal  contact  is  maintained  by  mechanically  fastening  the  sample  to  the 


•The  Expanded  Retrieval  Analysis  System  (ERAS)  developed  by  ERIM  personnel  is  further 
described  in  Appendix  F. 
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SPECTRAL  DIRECTIONAL  EM1SSOMETER 


heater.  Measurements  were  made  at  sample  temperatures  of  236°K  ami  373°K  usiag  tap  water 
and  boiling  water  pumped  through  the  heater  to  maintain  a  constant  temperature. 

(2)  The  heated  sample  holder  has  a  blackbody  reference  on  its  reverse  surface.  The  holder 
is  mounted  on  a  turntable  to  allow  sample  viewing  angles  of  0°  to  80°  and  also  blackbody  viewing. 

(3)  A  3M  black -coated  cylindrical  shield  surrounds  the  holder  to  eliminate  the  possibility 
of  stray  radiation  reflecting  from  the  sample.  This  shield  is  held  at  77°K  by  means  of  liquid 
nitrogen,  and  the  whole  assembly  is  housed  in  an  evacuated  metal  bell  jar  to  eliminate  frosting 
and  cooling  of  the  sample  by  currents  of  air. 

(4}  Emitted  radiation  is  collected  by  the  standard  Leiss  fore-optics  and  chopped.  The  chopper 
blades  have  gold  mirror  surfaces.  When  the  sample  irradiance  is  interrupted,  the  blades  receive 
irradiance  from  another  blackbody  reference  plate  at  77°K. 

(51  Source  radiation  is  focussed  by  a  Leiss  double-prism  monochronomator. 

(6)  The  output  energy  is  focussed  by  a  reflector  on  a  Ge:Cu  detector  whose  output  is  fed  to 
a  lock-in  amplifier  and  displayed  on  a  chart  recorder.  Background  radiance  is  determined  by 
viewing  the  reference  blackbody  on  the  sample  holder  when  it  is  cooled  to  liquid  nitrogen  tem¬ 
perature. 

Data  collection  is  initiated  by  first  making  a  wavelength  scan  of  the  reference:  this  yields 
a  blackbody  curve  at  the  sample  temperature  to  use  for  calibration.  Wavelength  scans  are  made 
with  the  sample  oriented  at  particular  aspect  angles.  The  gain  setting  is  maintained  at  that  used 
for  the  reference  scan.  After  a  series  of  scans  has  been  run,  a  second  scan  is  made  of  the  black¬ 
body  to  verify  that  the  system  is  operating  correctly.  Subsequently,  a  scan  of  the  blackbody 
cooled  to  liquid  nitrogen  temperature  permits  establishment  of  a  zero  reference  level. 

The  analog  chart  data  is  then  digitized  and  punched  on  computer  cards.  These  cards  are 
used  as  an  input  for  a  computer  program  that  calculates  the  emissivity  of  the  sample  and  out¬ 
puts  this  information  on  computer  cards  in  the  ERAS  format.  Data  taken  with  this  instrument  are 
presented  in  Appendix  B. 

As  the  measurement  plan  was  developed,  it  was  decided  that  published  data  could  be  used  to 
supply  the  spectral  reflectance  and  emissivity  data  needed  to  cover  the  3-  to  22-pm  region. 

Table  3  shows  the  sample  numbers  and  sources  of  data  on  those  samples  for  which  other  data 
were  utilized  *nd  reported  herein. 

4.3.  BIDIRECTIONAL  REFLECTANCE  MEASUREMENTS 

The  gonioreflectometer  system  was  used  to  acquire  the  diffuse  and  specular  p’  measure¬ 
ments.  The  facility  is  rather  compile,  and  a  number  of  changes  were  required  so  that  the  mea¬ 
surements  could  be  performed.  Its  description  is  presented  below  in  three  parts:  First,  a 
general  description  of  the  system;  second,  a  discussion  of  those  features  unique  to  the  p'  diffuse 

measurements;  and  third,  a  section  treating  those  ;  reas  unique  to  the  p’  specular  measurements. 
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TABLE  3.  PUBLISHED  DATA  FROM  OTHER  LABORATORIES 


Sample  Number 

3212 

3213 

3215 

3216 


Source  of  Data 

Honeywell  [4] 
TRW  Report  1 5] 
TRW  [6] 

IITR1  [7] 


4.  Heinisch,  R.  P..  Radiation  Properties  Measurements  for  Baffle  Systems, 

S  &  R  TM  3366-001,  Honeywell  Document  I2312-FR1,  Honeywell  Corp., 
Minneapolis,  December  1971, 

5a.  Leudke,  E.  E.,  Solar  Absorptance  Measurement  Report  on  Eight 

Aerojet  Mirror  Samples,  Report  No.  8526.16-71-66.  TRW  Corp..  Redondo 
Beach,  California,  7  May  1971. 

5b.  Major  Gilbert,  SAMSO,  Personal  Communication  to  M.  Bair,  Willow  Run 
Laboratories  of  the  Institute  of  Science  and  Technology,  The  University  of 
Michigan,  Ann  Arbor,  May  1972.  Emittance  Measurements  made  by 
Dr.  Stierwalt,  Naval  Electronics  Laboratory  Center. 

6.  Leudke,  E.  E.,  TRW  Corp.,  Redondo  Beach,  Personal  Communication  to 
M.  Bair,  Environmental  Research  Institute  of  Michigan,  Ann  Arbor, 

23  January  1973. 

7.  Gilligan,  J.  E.,  HTRI,  Chicago,  Personal  Communication  to  M.  Bair,  Willow- 
Run  Laboratories  of  the  Institite  of  Science  and  Technology,  The  University 
of  Michigan,  Ann  Arbor,  W  December  1972. 
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4.3.1.  GENERAL  DESCRIPTION 

All  five  axes  of  the  goniometer  are  driven  with  dc  motors  and  provide  axis  position  informa¬ 
tion  to  ±0.05°  via  synchros  ami  dial  indicators.  An  electrical  indication  of  angle  position  is  pro¬ 
vided  by  a  synchro  follower  with  a  chopper  disk  circuit  arrangement  for  markers  every  5°  and 
by  a  14-bit  shaft  encoder  for  digital  data  recording.  In  the  digital  mode,  data  may  be  recorded 
at  angular  increments  of  0.1,  0.2,  0.4,  0.8,  1,  2,  4,  or  8°. 

The  laser  sources  used  were  a  Spectra- Physics  Model  125  HeNe  laser  at  x  =  0.6328  pm, 
and  a  Control  Data  Corporation  Model  400  YAG  laser  operated  in  the  CW  mode  at  A  =  1.06  pm. 

A  190-watt  xenon  lamp  was  also  used  as  an  incoherent  broadband  visible  light  source  to 
simulate  the  sun.  These  sources  are  located  on  tables  about  8  ft  from  the  center  of  the  posi¬ 
tioner  with  their  beams  directed  onto  the  sample.  Figure  15  depicts  the  0.63  pm  laser  source 
and  its  position  relative  to  the  5 -axis  positioner. 

The  optics  used  in  the  0.6328  pm  laser  source  are  sketched  in  part  fa)  erf  Fig.  16.  Hie  light 
coming  from  the  laser  is  linearly  polarized  by  the  Brewster  windows  used  on  the  ends  of  the 
plasma  tube.  A  polarization  rotator  permits  rotation  of  the  source  polarization.  The  coherent 
radiation  is  chopped  and  collected  by  a  lens  that  focuses  the  radiation  onto  a  pinhole  used  to 
improve  the  beam  distribution.  A  second  lens  collects  the  radiation  passed  by  the  pinhole  and 
recollimates  the  light.  Hie  external  iris  is  used  to  vary  the  beam  diameter  of  the  exit  radiation. 
The  4%  reflecting  beam  splitter  is  used  to  sample  a  portion  of  the  beam  so  that  the  power  fluctu¬ 
ations  in  the  laser  may  be  monitored  ami  recorded  for  data  processing. 

The  1.06  pm  source  optics  arc  illustrated  in  part  (b)  of  Fig.  16.  The  laser  radiation  is  passed 
through  a  polarizing  prism  that  is  rotated  to  change  the  linear  polarization  plane  of  the  energy. 

The  polarized  light  strikes  a  reflecting  chopper  which  directs  the  radiation  to  the  monitor  for 
recording  any  power  fluctuations  of  the  laser  output  beam.  Energy  passing  through  the  chopper 
illuminates  a  telescopic  system  with  which  beam  size  may  be  expanded.  The  external  iris  re¬ 
duces  the  size  erf  the  beam  or  trims  stray  radiation. 

A  sketch  of  th.  broadband  visible  light  source  appears  in  Fig.  17.  The  light  from  the  xenon 
arc  lamp  is  collected  and  focussed  by  the  first  lens  onto  a  ground  glass  diffuser.  Immediately 
following  the  diffuser  is  a  pinhole  aperture  and  short  pass  filters  which  tailor  the  spectrum  of 
the  xenon  lamp  to  closely  simulate  the  exoatmospheric  spectrum  of  the  sun.  (Hie  spectral 
match  was  previously  illustrated  in  Fig.  8.)  Radiation  from  the  filters  is  chopped  at  90  Hz  and 
a  small  amount  reflected  onto  the  monitor  detector.  Since  the  beam  splitter  introduces  a  polari¬ 
zation  bias  to  the  source  radiation  passing  through,  a  second  beam  splitter  was  added  to  compen¬ 
sate  for  the  polarization  bias  introduced  by  the  first.  The  unpolarized  energy  is  collected  by 
U  e  final  lens  which  is  adjusted  so  that  a  beam  divergence  of  1/2°  is  obtained. 

Hie  receiver  optics  are  dependent  cn  the  wavelength  and  the  type  erf  p'  measurements  being 
made;  the  receivers  will  be  covered  in  succeeding  text. 
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HIRE  15.  GONIORE FLECTOME 


FIGURE  17.  OPTICAL  SCHEMATIC  OF  SOLAR  SIMULATION  SOURCE 


Figure  18  diagrams  the  signal  path  for  the  gonioreflectometer.  The  signal  from  the  re¬ 
ceiver  detector  is  first  amplified  by  the  preamp,  transferred  to  the  post-amplifiers  via  a  set  of 
low-noise  slip  rings  in  the  positioner,  are!  sent  to  a  synchronous  detector.  The  dc  output  from 
the  synchronous  detector  is  acquired  by  the  multiplexer.  A  similar  path  is  followed  by  the  moni¬ 
tor  signal.  The  signals  from  the  receiver  and  monitor  are  alternately  sampled,  multiplexed,  and 
serially  applied  to  the  A,  D  converter  for  recording  on  an  incremental  tape  recorder.  The 
sample  rate,  limited  to  '20  characters  sec.  is  determined  by  the  scan  rate  of  the  receiver  and 
the  setting  of  the  angie  increment  switch  (0.1°,  0.2°,  0.4°,  etc.}. 

At  the  end  of  each  day,  the  magnetic  tape  containing  the  day's  runs  is  submitted  to  the  ERIM 
computing  facility.  The  data  is  then  run  through  a  series  of  computer  programs  (sc-*  Fig.  19}  to 
obtain  a  printout  of  the  o'  values  calculated.  The  first  program  simply  gives  one  a  listing  of 
everything  on  the  magnetic  tape.  This  tape  is  run  through  the  editing  programs,  and  any  errors 
detected  in  the  print-oat  are  corrected,  after  which  another  listing  ir  •  ade  to  be  sure  the  cor¬ 
rections  have  been  made.  The  corrected  tape  is  then  used  as  the  inpu*  for  the  program  that 
calculates  the  p‘  values.  The  output  format  for  these  p  values  is  called  the  TAPE3  format  and 
is  very  useful  in  checking  out  the  data.  The  data  processing  for  ail  types  of  p  data  on  the 
gonioreflectometer  is  identical  up  to  this  point. 

4.3.2.  DIFFUSE  p  MEASUREMENT  HARDWARE 

In  our  diffuse  p  measurements  we  employed  the  receiver  depicted  in  Fig.  20.  The  light 
reflected  from  the  sample  first  passes  through  the  neutral  density  filter  (used  where  receiver 
saturation  was  expected)  and  through  the  polarization  analyzer.  Radiation  from  the  analyzer 
illuminates  the  objective  lens  whose  effective  size  is  controlled  by  a  variable  iris  used  as  an 
aperture  stop.  The  collected  radiation  is  imaged  on  a  field  lens  which  also  is  preceded  by  an 
iris  which  serves  as  a  variable  field  stGp  for  the  receiver.  The  function  of  the  field  lens  is  to 
image  the  aperture  stop  on  the  diffuser  located  on  the  detector  surface.  The  system  presented 
is  needed  in  order  to  reduce  the  errors  introduced  by  detector  contour  sensitivity. 

For  diffuse  measurements,  the  field  stop  is  adjusted  so  that  the  receiver  has  about  a  10° 
field  of  view,  which  is  adequate  tor  viewing  a  1.5  in.  source  at  80°  incidence.  The  aperture 
stop  is  nominally  set  for  a  30  mm  diameter  which  corresponds  to  a  3.0  *  10  4  sr  solid  angle. 

It  should  be  noted  that  the  polarization  analyzer  material,  which  was  HN-22  for  the  broadband 
visible  (0.4-0.7  urn)  awl  the  0.63  um  laser,  was  changed  to  HR  polareid  for  the-  1.06  pm  laser 
measurements.  Two  thicknesses  of  HR  polarizer  were  used  to  increase  the  extinction  coeffi¬ 
cient  of  the  ana./zer. 

The  spectral  response  of  the  broadhard  visible  system  is  shown  In  the  three  curves  of  Fig. 
21.  They  represent:  (!)  the  product  cf  the  spectral  response  of  an  £-20  PMT  ami  the  NASA 
exoat mcsphcric  solar  spectrum.  (2)  the  spectral  response  product  of  the  ERMA- 1  PMT  and 
filtered  xenon  arc  spectrum  (taken  from  Fig.  8),  and  (3),  the  product  of  curve  2  ansi  the  trans- 
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FIGURE  13.  FLOW  DIAGRAM  FCR  DATA  PROCESSING 


Neutral 
Density 
Filter — 


ni"  a 


uiii 


Faiarizati 

Analyzer 


Variable 
Field  Stop 


Diffuser 


nr 


-Objective  Less 


Field  Lens 


FIGURE  20.  OPTICAL  SCHEMATIC  OF  RECEIVER  FOR  DIFFUSE  p  MEASUREMENTS 
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FIGURE  21.  NORMALIZED  SYSTEM  SPECTRAL  RESPONSE  FOR  VISIBLE  SPECTRUM 
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mission  of  the  HN-22  polarizing  material.  The  third  curve  represents  the  relative  spectral 
response  of  the  broadband  white  light  system.  Curves  (1)  and  (3)  indicate  the  basic  agreement 
achieved  with  the  solar  simulation.  It  is  evident  the  polarizer  significantly  degraded  the  UV 
match . 

Because  of  system  configuration  changes,  two  alternate  methods  of  data  calibration  were 
used  in  this  program.  One  method  utilize-  a  reference  sample  with  calibration  obtained  by 
comparative  techniques.  The  second  method  is  an  absolute  technique  wherein  the  source  is 
viewed  directly  to  establish  a  calibration.  In  the  first  method,  the  calibration  of  the  goniore- 
flectometer  was  accomplished  by  making  p'  measurements  at  0°  incidence  of  a  flame-sprayed 
aluminum  (FSA)  panel  on  which  p^  measurements  had  been  made  by  NBS.  The  voltages  for  the 
two  or  four  polarization  components  were  appropriately  combined  to  find  a  calculated  p^  value. 
This  calculated  p^  is  then  multiplied  by  a  calibration  constant  so  that  it  equals  the  p^  measured 
by  NBS.  The  p'  values  are  therefore  referenced  back  to  an  absolute  NBS  measurement  of  p .. 

All  that  is  needed  to  calibrate  the  system  is  to  mount  the  FSA  sample,  position  the  source  and 
receiver  in  a  known  geometry,  and  record  the  signal.  The  signal  recorded  is  proportional  to 
the  p'  of  the  sample  for  that  geometry  and  thus  a  calibration  is  obtained.  The  second  method 
provides  an  absolute  calibration.  This  is  accomplished  with  the  incident  radiation  being  viewed 
by  the  receiver  after  appropriate  signal  attenuation  with  calibrated  neutral  density  filters.  The 
monitor  is  set  up  and  recording  started  at  the  time  the  calibration  is  taken.  Subsequent  changes 
in  source  power  are  appropriately  accounted  for  in  final  computation  of  the  reflectance.  Pre¬ 
cision  of  the  measurement  instrument  itself  has  been  shown  to  ^e  better  than  ±2f;;,,  with  cal¬ 
culated  accuracies  of  the  measurement  system  being  better  than  ±5%. 

Correct  sample  alignment  was  necessary  to  obtain  this  precision.  Sample  alignment  was 
accomplished  by  reflecting  the  incident  beam  back  onto  itself.  For  the  diffusely  reflecting 
samples,  a  plane  mirror  on  the  surface  of  the  sample  was  used;  when  the  sample  was  a  spec¬ 
ular  reflector,  the  reflection  from  the  samples  own  surface  was  used. 

The  output  nf  the  program  for  calculating  p'  values  does  not  produce  an  output  in  ERAS 
format.  Therefore  the  p  diffuse  data  had  to  be  converted  to  the  ERAS  format.  The  proper 
commands  are  added  to  the  ERAS  output  from  the  program  mentioned  above,  and  plots  of  the 
data  are  obtained.  A  compilation  of  the  plots  is  presented  in  Appendix  C. 


A  caution  on  interpretation  of  the  diffuse  p'  data  for  the  specular  samples  should  be  noted. 
Since  p’  is  measured  in  sr’\  the  p’  value  measured  at  a  specular  reflection  that  subtends  a 
solid  angle  smaller  than  the  solid  angle  subtended  by  the  receiver  will  be  low.  To  illustrate, 
consider  the  case  where  the  reflected  beam  is  of  0.5  cm  d'ameter  and  centered  in  a  2  cm  re¬ 
ceiver  aperture.  If  one  were  to  record  the  signal  and  then  close  the  receiver  aperture  down  to 
0.5  cm,  the  signal  measured  would  not  change;  however,  the  p'  value  calculated  for  the  smaller 
aperture  would  be  16  times  larger  than  for  the  larger  aperture  since  the  computations  assume 
the  aperture  is  fully  illuminated.  Because  the  specular  reflections  from  the  solar  cells  and 
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mirrors  subtend  a  solid  angle  considerably  smaller  than  the  diffuse  receiver's  aperture,  the 
values  shown  in  Appendix  C  will  be  low  at  the  specular  positiucs.  True  values  can  be  obtained 
at  the  specular  position  from  Appendix  D. 

4.3.3.  SPECULAR  p'  MEASUREMENT  HARDWARE 

A  schematic  of  the  receiver  optics  used  for  the  p'  specular  measurements  is  shown  in  Fig. 
22.  The  large  objective  lens  creates  the  far  field  by  placing  the  limiting  aperture  at  the  focal 
point  of  the  lens.  The  size  of  this  aperture  controls  the  receiver's  fields  of  view  to  either  0.2 
or  0.4  degree.  Neutral  density  filters  (NDF)  were  used  to  prevent  receiver  saturation.  The 
degree  of  linear  polarization  of  the  reflected  radiation  was  determined  by  the  rotating  analyzer 
placed  behind  the  NDF.  A  translucent  diffuser  positioned  in  front  of  the  PMT  eliminated  the 
effects  of  the  "hot"  spots  on  photocathodes  of  the  PMT. 

Calibration  procedures  were  basically  the  same  as  that  employed  with  the  p’  diffuse  mea¬ 
surements  (Section  4.3.2).  In  calibration  of  the  0.4  to  0.7-pm  data,  a  minor  change  was  nec¬ 
essary  because  the  receiver  FOV  was  more  restricted  and  did  not  view  all  the  illuminated  area. 
The  incident  beam  was  larger  than  an  individual  cell,  therefore  a  mask  was  used  tc  cover  all 
but  a  single  element  on  the  sample.  Similarly,  a  mask  of  the  same  size  was  used  with  the  cali¬ 
bration  reference  panel.  Since  reflection  of  the  4%  mask  was  significant,  its  reflection  was 
determined  and  accounted  for  in  the  calibration  procedure. 

Before  we  began  collecting  matrix  data,  the  samples  were  positioned  so  that  their  reflec¬ 
tions  were  centered  on  tne  focal  plane  aperture  -’hen  the  receiver  was  in  the  center  position  of 
the  matrix  format.  This  positioning  was  checked  at  each  of  the  angles  to  ensure  proper  align¬ 
ment  of  the  sample.  To  produce  each  99-element  matrix,  nine  gonioreflectometer  scans  are 
required. 

After  collecting  the  matrix  data  for  each  sample,  the  data  are  processed  with  the  same 
software  used  in  obtaining  p’  for  the  diffuse  measurements.  Further  formating  was  then  re¬ 
quired  to  reduce  the  rectangular  matrix  to  a  5-  or  6-level  bull's-eye  representation  (circular 
matrix). 

Figure  23(a)  shows  the  bull’s-eye  superimposed  on  a  matrix  constructed  from  data  taken 
at  0.1°  increments.  Figure  23(b)  shows  how  the  bull's-eye  fits  over  a  matrix  constructed  from 
data  taken  at  0.2°  increments.  In  both  cases,  the  radii  of  the  circles  are  the  same,  but  in  the 
case  of  the  0.2°  increment  data  another  ring  is  added  to  ihe  bull’s-eye  giving  a  totai  of  six 
values. 

The  construction  of  a  circular  matrix  from  the  measured  data  is  easily  carried  cut,  given 
the  assumption  that  circular  symmetry  exists.  The  steps  are: 

(1)  Each  square  of  the  rectangular  matrix  is  assigned  a  number  and  a  measured  p’  value. 

(2)  Each  square  is  assigned  a  unit  area. 


53 


Neutral  Polarized 


535  mm 
Focal  Length 
95  mm  Diam 


FIGURE  22.  OPTICAL  SCHEMATIC  FOR  SPECULAR  p'  RECEIVER  MEASUREMENTS.  Ana¬ 
lyzer  materiak?are  HN-22  for  0.4  to  0.7  pm  and  0.63  pm  and  HR  for  1.06  pm.  PMT  is  C7151Z 
(ERMAI)  for  0.4  to  0.7  pm  and  0.6323  pm:  7102  (SI)  for  1.06  pm. 
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FIGURE  23.  MEASURED  MATRIX  AND  BULL'S-EYE  FORMAT  (Concluded) 
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(3)  Fractional  areas  are  determined  and  assigned  to  a  ring. 

(4)  Fractional  p'  values  are  computed  for  fractional  areas  determined  in  Step  (3). 

(5)  Sum  of  fi  values  in  a  ring  is  divided  by  the  sum  of  the  areas. 

Figure  24(a)  shows  a  measured  matrix  containing  the  p’  values.  The  equivalent  bull’s-eye  is 
given  in  24(b). 

4.4.  MEASUREMENTS  AT  10.6  pm 

The  instrumentation  assembly  which  was  used  in  making  the  reflectance  measurements  at 
10.6  pm  is  illustrated  in  Fig.  25.  A  functional  diagram  of  the  measurement  system  is  depicted 
in  Fig.  26.  As  shown,  the  10.6-pm  laser  source  and  receiver  system  were  positioned  at  ranges 
of  35  ft  and  32  ft,  respectively,  from  the  sample.  In  an  attempt  to  obtain  an  essentially  collinear 
system,  we  minimized  the  angle  subtended  by  the  source  and  receiver  (the  bistatic  angle,  ,i)  to 
0.28°.  This  minimum  angle  was  dictated  by  the  physical  sizes  of  the  source  and  receiver  hard¬ 
ware. 

The  linearily  polarized  source  was  a  model  40  CRL  laser  with  a  measured  beam  divergence 
of  2  mrad.  At  a  range  of  35  ft,  an  area  of  approximately  0.8  in.  diameter  was  illuminated  in  the 
sample  plaue.permitting  the  2  cm  solar  cell  elements  to  be  fully  radiated.  The  scwrce  radiation 
level  was  monitored  through  a  reflecting  chopper  located  at  the  source  output.  The  polarization 
plane  of  the  radiation  could  change  as  needed  by  the  rotator. 

The  receiver  had  a  field  of  view  of  1.95  mrad  which  was  determined  by  an  IRTRAN  II  col- 
’  acting  lens,  diameter  -  0.87  in.  All  energy  collected  by  this  lens  was  imaged  on  the  detector 
oy  a  field  lens.  Background  radiation  effects  were  reduced  by  use  of  synchronous  detection  of 
the  90  Hz  radiation  at  the  detector  output.  Tne  signal  output  was  continuously  recorded  on  a 
strip  chart  as  the  sample  was  rotated  about  a  vertical  axis.  Angular  position  was  recorded  on 
the  same  char:  by  an  event  marker  actuated  by  a  cam-operated  microswitch  on  the  rotating 
table.  During  data  collection  the  sample  was  rotated  at  1  8°  sec  about  a  vertical  axis,  allowing 
the  sample  normal  to  sweep  through  the  horizontal  plane  containing  the  source  and  receiver. 

Calibration  of  the  reflectance  data  was  accomplished  by  inserting  a  known  standard  reflector, 
flame-sprayed  aluminum  (FSA),  in  the  laser  beam  about  8  ft  from  the  receiver.  This  calibra¬ 
tion  signal,  modified  by  a  range  factor,  was  utilized  to  establish  the  monitor  reference.  Changes 
in  source  power,  as  measurements  proceeded,  were  recorded  and  used  in  data  reduction  as  a 
correction  factor. 

The  traces  on  the  charts  were  digitized  by  hand  and  the  values  put  onto  computer  cards 
along  with  calibration  values,  amplifier  gains  and,  when  necessary,  values  of  optical  attenuators 
used  to  orevent  receiver  saturation.  The  data  were  then  run  through  a  computer  program  which 
calculated  the  p'  value  for  each  digitized  angle  and  arranged  the  data  into  the  ERAS  format.  A 
listing,  in  ERAS  format,  of  all  the  data  taken  at  10.6  pm  is  presented  in  Appendix  E. 
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INTERPRETATION  OF  DATA 


5.1.  CHARACTERIZATION  OF  SPECULAR  REFLECTANCE  LOBES 


5.1.1.  BULL'S-ETE  REPRESENTATION 


Part  way  through  the  measurement  program,  the  hull's -eye  method  of  representing  the  am¬ 
plitude  ami  size  of  the  specular  rei.’ectance  lobe  became  a  requirement  for  the  AVCO  reflectance 
model.  It  was  known  that  all  specula-  lobes  were  smaller  than  2°  so  a  standard  set  of  intervals 
within  a  2°  cone  was  selected  and  each  lobe  represented  by  five  or  six  p*  values.  Thisbuil's-eye 
provided  an  intensity  distribution  within  ‘he  lobe  ami  allowed  for  a  standardized  angular  format. 
Bull's -eye  data  on  a  solar  cell  (sample  31M-408)  are  plotted  in  Fig.  27  for  the  0.4-0.7  pm  spec¬ 


tral  band.  The  same  figure  also  gives  valets  of  p'n ami  AS  discussed  in  the  next  section. 


The  method  for  generating  the  tail's -eye  va'ues  from  the  99-element  matrix  is  discussed  In 
Section  4.3.3.  This  method  imposes  circular  symmetry  and  assumes  that  the  peak  of  the  reflec¬ 
tance  lobe  is  centered  In  the  99-element  matrix  to  nthin  ±0.1°.  If  the  peak  is  not  centered,  the 
0°  to  0.1°  '  alee  of  the  tail's -eye  will  be  reduced  and  outlying  values  increased.  Thus,  a  small 
angular  misalignment  during  the  matrix  measurement  may  result  in  an  increase  in  the  indicated 


width  of  the  lobe. 


5.1.2.  PEAK  VALUE  AND  EQUIVALENT  CONICAL  WIDTH 

Before  the  tall  s -eye  representation  cf  the  specular  lobe  was  devised,  a  computer  program 
was  written  to  find  the  peak  value  of  the  matrix  aid  then  compute  an  effective  conical  beam  so 
that  the-  product  of  the  peak  value  and  the  solid  angle  of  the  conical  beam  accounted  for  all  power 
within  the  matrix.  Specifically,  the  relation 


p*  rT(ASf  =  (SplHASr 
max  -«  ran 


is  solved  for  A3 ,  where 


p*  =  the  maximum  value  in  the  matrix 
max 


A3  =  the  effective  conical  beam  angle 


Sp’  =  the  sum  of  the  matrix  values 
ran 


AS  =  the  angle  spacing  of  the  matrix 


Tnese  o'  and  A Q  values  were  calculated  for  all  matrices  in  addition  to  the  tall’s-eve 
max 


values.  The  similarity  of  the  two  representations  for  the  specular  lobe  Is  illustrated  in  Fig.  27, 
where-  the  axes  arc  marked  at  p*  are!  at  A#/2. 


Both  p’  are!  AS  proved  to  be  quite  useful  in  summarizing  and  evaluating  the  matrix  raea- 
max 

suremants;  examples  appear  In  the  following  subsections. 


II 
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5.2.  INFERENCES  FROM  DIRECTION  NORMAL  DATA  AND  SPECULAR  LOBE  WIDTHS 

Data  on  the  direction  normals  for  each  element  of  the  solar  cell  and  second-surface  mirror 

arrays  were  initially  reduced  by  computer  to  yield  the  average  zenith  angle,  5  a«!  hs  standard 

deviation,#  mss.  where  the  full  cone  as^gle  spread  is  2  x  »  rms,  The  5  and  S  rms  values  for 
o  n  n  n 

each  simple  lave  been  used  tr  gain  insight  into  the  relationship  between  the  size  of  an  average 
specular  lobe  and  the  spacing  of  lobes  caused  by  the  various  sample  elements. 

Table  4  contains  measured  values  of  and  8^  rms  along  with  average  specular  lobe  width. 

AP.  and  its  standard  deviation.  A$  .  for  the  specular  samples  measured.  The  K5  values  were 
obtained  for  an  incidence  angle  of  5°  using  the  solar  simulation  source.  The  average  lobe  width 
for  six  measurements  was  taken  for  each  entry — i.e.,  three  different  elements  or.  the  .ample 
viewed  on  two  orthogonal  azimuth  planes.  The  iarge  value  for  ~  (20-40  mr)  is  caused  by  shingling 
of  the  solar  cell  elements  and  indicates  the  departure  of  the  average-  normal  from  the  substrate 
normal.  (Solar  cell  panels  were  assembled  with  the  edge  of  one  cell  overlapping  the  next  to  pro¬ 
duce  a  shingled  array.!  A  comparison  of  2  •*  rms  and  a?  for  the  solar  cells  shows  that  the 
spread  of  the  normals  is  about  twice  the  "size**  of  the  specular  lobes.  Therefore,  the  controlling 
factor  mi  beam  size  for  reflection  from  an  entire  array  will  be  the  mechanical  lay-up  of  the  ceils 
rather  than  the  character  of  the  individual  cell  lobe. 

Referring  again  to  Table  4,  ^  for  all  three  second -surface  mirrors  is  small  (less  than  1.6 
mr)  because  the  samples  are  essentially  flat.  Twicetfce  rms  deviation  of  the  mirror  normals  range 
from  3.4  to  10.4  mr,  whereas  average  lobe  size  ranges  from  1.7  to  20.3  mr.  Thus,  for  second- 
surface  mirrors,  the  character  of  individual  elements  tends  to  dominate  over  or  be  equivalent 
to  the  effect  of  the  lay-up  of  the  elements.  The  reason  for  such  a  large  cone  angle  as  D  *  20.3 
mr  for  sample  3194  Is  probably  related  to  flexing  of  its  fiberglass  substrate.  The  substrates 
for  the  other  two  second -surface  mirrors  were  metal  and  the  cone  angles  were  smaller  ami 
and  similar,  7.7  and  8.2  mr. 

5.3.  ANGULAR  AND  V.* A VE LENGTH  PROPERTIES 

Examination  of  the  p*  specular  matrix  data  ooin®  the  p'  .  a  -  represettalion  can  be  help- 
ful  in  obtaining  an  Insight  into  the  way  the  cata  behaves.  Figures  28  awl  29  are  plots  of 
versus  8.  for  a  solar  cell,  sample  number  3182  (sample  3182  Is  an  H-type  solar  cell).  All  of 
the  data  is  Fig.  28  is  for  an  azimuth  o.  -  0°,  while  Its  individual  corves  hare  wavelength  and  po¬ 
larization  as  parameters.  Figure  for  Oj  =  90°.  presrots  data  In  every  other  way  eomoar- 

* 

able  to  that  of  Fig.  28. 

Focussing  atteifioo  cm  the  two  curves  in  rig.  28  for  the  wavelength  of  0.63  urn.  It  is  obvious 
that  the  receiver  pularliatkJii  components  parallel  to  the  incident  place  (PCQDEs  2  and  -SI* 
decrease  with  #,  while  the  receiver  perpendicular  components  (FCODEs  3  and  1)  increase 


TABLE  4.  COMPARISON  OF  LOBE  WIDTHS  AND  DIRECTION  NORMALS 


Matrix  Measurements, 
9  =  5°,  A  =  0.4 -0.7  um 


Direction  Normal 
Measurements 


Sample  Name 

Number 

A9(mrad)  A  9 _ (mrad) 

rms 

9  (mrad)  £> 
n  n 

rms  (n 

C-Type  Solar  Cell 

3181 

10.6 

1.11 

24.8 

12.6 

C-Type  Solar  Cell* 

3181' 

13.4 

3.8 

23.2 

13.2 

C-Type  Solar  Cell 

3184 

10.0 

1.47 

20.1 

14.2 

C  -Type  Solar  Cell* 

3184' 

10.0 

1.91 

27.6 

13.2 

C-Type  Solar  Cell 

3185 

10.0 

1.91 

41.3 

13.1 

C-Type  Solar  Cell* 

3185' 

11.3 

1.09 

38.9 

13.8 

H-Type  Solar  Cell 

3179 

14.9 

1.80 

19.3 

12.8 

H-Type  Solar  Cell 

2182 

21.4 

1.31 

19.3 

12.9 

H-Type  Solar  Cell 

3183 

12.6 

2.53 

20.7 

11.2 

2nd  Surface  Mirror 

3194 

20.3 

3.3 

0.8 

2.9 

(Fiberglass 

Substrate) 

2nd  Surface  Mirror 

3190 

7.7 

0.91 

1.6 

5.2 

(Aerojet-Alum. 

Substrate) 

2nd  Surface  Mirror 

3165 

8.2 

0.75 

0.9 

1.7 

(TRW -Alum. 
Substrate) 


♦Second  reflection  of  C-type  cells. 
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FIGURE  29.  WAVELENGTH  AND  ANGULAR  DEPENDENCE  OF  SOLAR  CELL  REFLECTANCE 

(SAMPLE  3182),  =  00° 


sharply  with  increasing  8,.  This  behavior  is  characteristic  of  a  Fresnel  reflection  and  is  as 
would  be  expected.  Further  examination  of  Figs.  28  and  29  shows  that  this  characteristic  is 
independent  of  the  azimuth  plane  or  wavelength.  One  might  take  exception  to  the  above  state¬ 
ment,  citing  the  1.06  pm,  PCODE  5  curve  in  Fig.  28.  After  examination  of  other  data  for 
similar  cells,  it  is  evident  that  the  point  at  d  =  60°  is  questionable.  Data  on  other  cells  would 
indicate  that  the  point  labeled  A  on  Fig.  28  would  be  the  expected  point.  If  the  "expected"  point 
were  used,  all  of  ;he  data  behaves  as  stated. 

Comparison  of  Figs.  28  and  29  may  indicate  some  dependence  on  the  0  plane;  however, 
further  examination  of  these  as  well  as  additional  data  indicates  that  the  variance  with  piii  plane 
does  not  follow  any  easily  discernible  pattern,  and  that  the  cell-to-cell  variance  is  larger  than 
the  azimuthal  variance  shown  here.  The  broadband  visible  measurements  show  the  least 
azimuthal  variance;  this  lack  of  variance  may  be  attributable  to  the  increased  divergence  of 
the  broadband  visible  source. 

The  effective  cone  angle  (AO)  is  plotted  versus  incidence  angle  with  wavelength,  polariza¬ 
tion,  and  phi  plane  as  parameters  (see  Figs.  30  and  31).  The  most  striking  feature  seen  in 
these  two  figures  is  the  way  in  which  the  0.63  pm  and  1.06  pm  data  are  of  the  same  magnitude 
while  the  broadband  measurements  display  angles  3  to  4  times  larger.  This  was  expected.  Re¬ 
call  that  the  0.63  pm  sources  are  collimatedwhile  the  broadband  source  was  designed  to  have 
a  1/2  degree  divergence.  This  source  divergence  increases  reflected  divergence  and  thus  in¬ 
creases  A0.  It  is  also  apparent  from  Figs.  30  and  31  that  there  is  little  change  in  A0  for  the 
two  azimuth  planes  and,  as  was  the  case  with  any  changes  in  A0  between  azimuth  planes 

is  of  the  same  or  smaller  magnitude  than  the  variance  observed  between  cells. 

5.4.  CALCULATION  OF  EQUIVALENT  REFLECTANCE 

The  spectral  directional  reflectance  was  measured  for  the  samples  as  shown  in  Appendix  B. 
It  Is  also  possible  to  calculate  a  directional  reflectance  for  a  sample  at  a  specified  wavelength 
or  wavelength  ba*xl  by  integrating  the  p!  measurements  over  the  hemisphere.  In  most  cases  a 
simplified  integration  over  the  solid  angle  of  the  specular  reflectance  lobe  will  yield  a  good 
approximation  to  pd — hence  the  expression  "equivalent  directional  reflectance"  (Eq  pd);  it  is 
defined  as 

Eqpd=PmaxU5)2f  cos®i  <15) 

where  the  cos  0,  term  compensates  for  a  projected  solid  angle  term  used  in  the  computation  of 
p\  Of  course  this  neglects  the  diffusely  reflected  components,  which  are  known  to  be  small. 

An  Eq  pd  value  was  determined  for  all  specular  samples  measured  and  was  used  as  a  type 
of  quality  control  factor  to  ensure  that  the  matrix  values  generated  were  reasonable.  The  Eq  r>d 
data  have  been  averaged  and  plotted  as  a  function  of  incidence  angle  for  all  measured  data  in 


EFFECTIVE  CONE  ANGLE  (A&h  (mrad) 


to 


5 


0.63  pm,  Pcode 
1.06  Pcode 
1.06  pm,  Pcode 
0.63  pm,  Pcode 


2 

2 

5 

5 


I _ l  _  1 _ I _ J _ I _ 1 _ I 

0°  10°  20°  30°  40°  50°  60°  70° 

INCIDENCE  ANGLE  {Bj 


FIGURE  30.  EFFECTIVE  SOLAR  CELL  CONE  ANGLE  VERSUS  INCIDENCE  ANGIE  (SAMPLE 

3182),  #,  =  0° 


EFFECTIVE  CONE  ANGLE  (A0),  (mrad) 


FIGURE  3 


1*  EFFECTIVE  SOLAR  CELL  CONE  ANGLE  VERSUS  INCIDENCE  ANGIE  (SAMPLE 

3182),  ^=90° 

70 


the  0.4-1.0  urn  wavelength  be, id.  These  Eq  values  have  been  put  into  four  groups  for  aver¬ 
aging — C-type  solar  cells,  first  reflection;  C-type  solar  cells,  second  reflection;  H-type  solar 
cells;  and  second -surface  mirrors.  The  plots  of  average  Eq  ±l  standard  deviation  (o )  are 
shown  in  Figs.  32  through  35.  Single,  unaveraged  plots  of  measured  versus  A  for  samples 
from  the  same  sample  groups  are  shown,  for  comparison,  in  Figs.  36  through  38.  There  are 
differences  in  the  pd  versus  A  curves  for  the  various  samples  in  each  group  but  mean  and 
standard  deviations  have  not  been  determined.  Nevertheless,  the  plots  shown  reveal  that 
values  in  the  visible  region  correspond  very  well  with  average  Eq  values  computed.  For  ex¬ 
ample,  in  Fig.  36,  the  C-type  solar  cells  reflect  10  to  12%,and  if  the  Eq  values  from  both 
Figs.  32  and  33  are  added  (to  account  for  both  reflection  lobes),  a  value  of  about  12%  is  obtained. 
Likewise,  the  H-type  solar  cells  reflect  8  to  12%  and  Fig.  34,  which  applies  tc  only  the  stronger 
reflection  lobe,  shows  an  Eq  o d  of  about  ?%.  This  last  result  indicates  that  even  the  H-type  solar 
c°Us  have  a  secondary  reflection  lobe  or  diffuse  component  of  equal  strength.  It  is  known  that  a 
broad  secondary  lobe  exists  because  diffuse  areas  were  encountered  during  the  measurements. 

Measurements  of  p!  for  mirrors  are  very  demanding  of  each  system  component  and  the  mea- 
surement  techniques;  however,  when  the  Eq  p^  test  was  applied  for  the  second -surface  mirrors 
(Fig.  35),  values  just  below  100%  were  obtained. 

It  is  recognized  that  a  rigorous  computation  is  desirable  in  which  the  versus  A  for  a 
specified  or  average  sample  are  considered  as  weU  as  the  source  and  receiver  relative  spectral 
responses.  Subsequently,  a  more  rigorous  computation  for  integration  of  the  p’  data  would  be 
desirable.  The  approximations  employed  here  have  been  satisfactory,  however,  for  the  in¬ 
tended  purposes  — that  is,  for  a  preliminary  interpretation  and  for  establishment  of  confidence 
in  the  thousands  of  data  points  collected  and  processed.  Certainly  more  studies  would  be  per¬ 
formed  on  the  existing  basic  data. 

5.5.  OBSERVATION  ON  C  -TYPE  SOLAR  CELLS 

At  the  beginning  of  the  program  it  was  found  that  the  solar  cells  manufactured  by  Centralab 
(C-Type)  exhibited  two  distinct,  specularly  reflected  lobes.  As  mentioned  in  Section  5.4,  there 
are  also  two  reflections  from  Heliotek  (H-Type)  solar  cells  but  the  secondary  lobe  is  more 
diffuse  In  nature.  The  difference  may  stem  from  the  fact  that  Centralab  uses  a  mechanical 
polishing  method  whereas  Heliotek  uses  a  chemical  etch.  No  effort  has  been  made  to  develop 
reflectance  models  for  the  two  solar  cell  types,  though  some  information  may  be  obtained  by 
study  of  the  average  Eq  p^  versus  3.  curves  in  Figs.  32, 33  and  34.  The  shape  of  the  curve,  dip¬ 
ping  at  9  =  40°  and  rising  at  a  =  60°,  is  the  same  for  the  H-Type  cell  in  Fig.  34  and  the  seconctery 
lobe  of  the  C-Type  cell  In  Fig,  33.  These  are  both  in  sharp  contrast  to  the  first  lobe  of  the  C- 
Type  cell  in  Fig.  32  where  the  curve  starts  higher  and  has  an  increasing  downward  niope  out  to 
60°.  The  values  plotted  there  are  averages  of  18  measurements,  three  cells  each  on  3  sample 
arrays  observed  along  2  orthogonal  azimuth  planes.  Therefore,  the  trends  of  tnese  curves  with 
increasing  incidence  angle  are  significant.  Similar  trends  were  also  found  when  working  with 
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ElE  33.  AVERAGED  EQUIVALENT  pd  VERSUS  6.  FOR  C-TYPE  SOLAR  CELLS,  SECOND 
REFLECTION.  Nine  cells  from  three  samples  averaged.  A  =  0.4-0.7  pm. 
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FIGURE  34.  AVERAGED  EQUIVALENT  pd  VERSUS  6.  FOR  H-TYPE  SOLAR  CEILS.  Nj 
cells  from  three  samples  averaged.  A  =  0.4 -0.7  pm. 


the  laser  sources  at  A  =  0.63  2nd  1.06  p  m.  The  physical  process  responsible  for  the  curve 
structure  is  not  known  at  this  time.  It  has  been  suggested  that  the  first  lobe.  Fig.  32,  is  a  reflec¬ 
tion  from  the  cover  glass  and  the  secondary  lobe.  Fig,  33,  emanates  from  the  interior  oi  the 
solar  cell  which  has  the  higher  index  oi  refraction.  However,  the  physical  implication  behind 
this  suggestion  has  not  been  analyzed. 

During  the  measurements  of  the  reflected  matrices  for  the  0.4 -0.7  urn  band  it  was  ob¬ 
served  that  the  two  reflections  from  the  C-Type  cells  appeared  to  lave  sii^itly  different  colors. 
The  secondary  reflection  usually  appeared  bluish  whereas  the  first  reflection  was  more  white. 
This  color  differentiation  was  net  very  distinct  bit  was  used  in  assignment  of  the  first  and  sec¬ 
ondary  reflection  notation.  Not  until  the  data  were  all  collected  did  the  distinct  angular  prop¬ 
erties  become  apparent. 

5.6.  COMBINED  DIFFUSE  AND  SPECULAR  DATA 

The  extremely  specular  nature  of  a  solar  cell  is  illustrated  in  Fig.  39.  The  data  presented 
are  a  combined  plot,  taken  from  Appendices  B  ami  C  respectively,  of  p*  specular  (bull's-eye 
representation)  and  p*  diffuse  data  for  the  broadband  visible  source  at  an  incidence  angle  oi  40°. 
All  p’  values  >  10  are  from  the  bull's-eye,  while  those  <  10  are  from  the  p*  diffuse  data.  Fig¬ 
ure  40  is  an  expansion  of  Fig.  39  showing,  the  region  ±7°  around  the  specular  return.  The  stair¬ 
step  portion  of  Fig.  40  is  the  bull's-eye  representation  of  the  data. 

The  transition  from  the  diffuse  to  the  specular  portion  of  the  plot  shows  in  Fig-  40  is  rel¬ 
atively  smooth;  however,  it  should  be  kept  in  mind  that  the  diffuse  portion  of  the  carve  close  to 
the  specular  angle  could  be  low  as  indicated  in  the  section  on  instrumentation.  The  severity  of 
the  problem  depends  somewhat  on  the  angular  extern  of  the  specular  return.  It  Is  recalled  that 
the  broadband  source  had  the  largest  As,  therefore,  one  would  expect  the  minimum  error  for 
the  case  iliustrated- 

In  most  cases,  p’  diffuse  data  only  appears  for  a  single  azimuth  (#.)  plane.  This  Is  because 
initial  measurements  indicated  an  Independence  of  the  diffuse  component  with  o ..  Additional 
data  was  taken  at  the  end  of  the  measurements  to  verify  that  the  decision  was  correct-  Ex¬ 
amination  of  the  data  for  samples  31S4-801  and  3184-8)2,  as  In  Appendix  C,  shora  greater 
variation  titan  expected.  It  is  difficult  to  determine,  without  further  data  evaluation,  whether 
the  original  assessment  vas  correct.  These  data  are  believed  to  be  adequate  for  first -order 
assessment. 

5,7  FIXED  BISTATIC  DATA  AT  10.6  ,:=o 

Mainly  because  of  limitations  imposed  by  available  instrumentation,  the  measurement  tech¬ 
nique  at  10.6  pm  was  different  from  that  at  the  rfhorie-f  -^vdengths.  Fixed  bistaile  data  with 
a  small  angle  between  the  stationary  source  ami  rect;--  --  apply  most  mrectly  to  a  radar-type 
application  in  which  only  backscatte-red  power  Is  of  Interest.  For  a  specular  type  reflector, 
baciscattered  power  exists  only  when  the  observation  angle  is  very  near  the  normal  to  the 
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surface.  Of  course,  diffuse  reflectors  have  significant  backscatter  at  all  angles.  Examples  of 
the  data  collected  have  been  plotted  in  Figs.  41  through  43  for  an  H-Type  solar  cell,  a  second- 
surface  mirror,  and  a  3M  black  velvet  paint. 

As  noted  in  Figs.  41  and  42,  the  mirror  and  solar  cell  data  have  p*  values  of  similar  magni¬ 
tude.  This  is  expected  since  both  have  opaque  (at  10.6  pm)  glass  covers  whose  character  should 
be  the  same.  Angular  data  spread  would  differ  because  of  surface  curvature.  The  difference 
in  the  perpendicular  and  parallel  data  near  the  sample  normal  in  Fig.  42  is  likely  the  result  of 
angular  misalignment  of  the  sample  between  data  curves.  (It  was  necessary  to  remove  the  sam¬ 
ple  between  polarization  runs  to  obtain  angular  dependence.) 

The  3M  black  paint  (Fig.  43)  is  relatively  diffuse  except  at  the  specular  normal  where  a 
narrow  peak  occurs.  This  may  be  from  a  small  paint  transmission  through  the  paint,  allowing 
the  specular  metal  subsurface  to  be  viewed.  The  paint  data  were  inadvertently  measured  for 
only  one  polarization.  Since  the  paints  are  relatively  diffuse,  experience  shows  that  the  opposite 
polarization  for  the  small  bistatic  case  would  be  the  same.  For  this  reason,  no  effort  was  made 
to  obtain  the  missing  data. 

It  should  be  noted  that  the  fixed  bistatic  data  were  measured  in  only  one,  0°,  azimuth  plane. 
Measurements  in  the  90°  plane  were  not  required  since  it  is  apparent  that  all  the  samples  mea¬ 
sured  have  azimuthal  symmetry  at  10.6  iim. 
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Appendix  A 

DIRECTION  NORMALS 

This  appendix  contains  a  computer  listing  of  the  direction  normal  data  that  were  delivered 
to  AvCO  on  computer  cards.  The  assignment  of  the  card  columns  is  given  in  Table  A-l.  Because 
the  data  given  are  from  a  computer  listing,  some  of  the  numbers  are  not  separated  by  spaces, 
and  as  a  result,  the  numbers  appear  to  run  together.  The  numbers  can  be  distinguished  by  keep¬ 
ing  in  mind  that  the  first  two  data  values  have  four  digits  to  the  right  of  the  decimal  point  and 
one  to  the  left,  while  the  latter  three  data  values  have  two  digits  to  the  right  of  the  decimal  point 
and  three  to  the  left. 

In  the  listing  provided,  the  first  data  value  given  for  each  cell  is  the  angle  the  cell  normal 
makes  with  the  substrate  normal  and  is  referred  to  as  the  zenith  angle  6 .  The  second  data  value 
is  the  azimuth  angle  (o)  of  the  cell  normal  projection  on  the  plane  of  the  substrate.  The  6  is 
measured  counter-clockwise  from  the  x-axis  coordinate  in  the  plane  of  the  substrate.  The  6 
reference  is  arbitrarily  chosen  and  marked  on  each  measurement  sample.  The  third,  fourth,  and 
fifth  data  values  are,  respectively,  the  x,  y,  and  z  (range)  positions  of  the  ceil  normal,  as  mea¬ 
sured  with  respect  to  projections  into  the  substrate  coordinate  system.  The  last  three  values  are 
redundant  in  that  they  can  be  easily  obtained  from  the  first  two  values,  but  are  given  here  so  that 
the  standard  deviations  in  the  x  and  y  directions  can  be  more  readily  evaluated.  All  angular 
data  values  (S  and  4)  are  presented  in  radians,  while  all  dimensional  values  (x,  y  and  z)  are 
given  in  centimeters. 

It  was  necessary  to  treat  the  measurement  and  data  reporting  of  the  two  108-cell  solar  panels, 
sample  numbers  3186  and  ?137,  somewhat  differently  because  of  their  fabrication.  Each  108-cell 
panel  was  assembled  from  three  36 -cell  arrays,  each  of  which  was  shingled  in  a  particular  di¬ 
rection.  However,  the  direction  of  the  shingling  for  each  element  was  alternated  in  the  assembly: 
therefore  each  segment  was  treated  as  a  separate  sample.  These  are  designated  by  an  A.  B,  or 
C  following  the  sample  number  given  to  the  particular  panel. 

In  Table  A-2,  a  list  of  the  samples  measured  and  the  order  in  which  they  appear  in  the  listing 
is  presented.  AH  of  the  data  shown  here  will  be  maintained  in  the  ERIM  library  and  available 
on  cards  or  magnetic  tape  formats  for  future  use. 
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TABLE  A-l.  FORMAT  DESCRIPTIONS 


Card 


Colums 

Description 

Golusn 

1-6 

Sasple  cusber  preceded 
by  "AO" 

X2. 

7-9 

Ceil  nunber 

13 

11 

A,  B,  or  C,  used  to  signify 

different  segments  on  sasples 

3186  and  3187 

Al 

13 

An  X  signifies  the  second 

specular  reflection  iron  the 
Centralab  solar  cells 

A1 

15 

An  A  for  Aerojet,  C  for 

Centralab,  H  for  He  Mote's 
and  a  I  for  TR» 

Al 

20-25 

Zenith  angle  of  cel)  norisal 

F6. 

26-31 

Arlsoth  angle  of  cell  norsal 

F6. 

32-37 

X  value  of  cell  aortal 

F6. 

38-43 

Y  value  ox  cell  noraal 

F6 

44-49 

Distance  free  sasple  to  the 

F6. 

seasuresent  plane  of  X  and  Y 
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TaSLE  a-2.  OlalCTlGS  sOiMAJL  SSASOIMSTS 


Description  Ss*pl#  So. 

No.  Calls 

frlat 

Hit 

SoUr  Cell  Array.  H-Type 

3178 

36 

H 

SoUr  Call  Array.  H-Type 

3175 

36 

8 

Solar  Call  Array.  C-Type 

3180 

36 

C 

Solar  Call  Array,  C-Typa 

3180 

36 

X 

C 

Solar  Ceil  Array.  C-lypa 

3181 

36 

c 

Solar  Cali  Array,  C-Type 

3181 

36 

X 

f 

Solar  Call  Array.  H-Type 

3182 

36 

H 

Solar  Call  Array,  H-Type 

3163 

36 

■ 

Solar  Call  Array.  C-Type 

3184 

36 

r* 

V. 

Solar  Call  Array.  C-Typc 

3184 

36 

X 

p* 

Solar  Cell  Array.  C-Ty?e 

3185 

36 

c 

.  ~Var  Call  Array,  C-Type 

JIM 

36 

X 

c 

Solar  Call  Array.  H-Typ« 

3186 

36A 

H 

Solar  Cell  Array.  H-Type 

31*6 

368 

H 

Solar  Call  Array,  H-Type 

3186 

36C 

K 

Solar  Call  Array.  C-Type 

3187 

36A 

c 

Solar  Call  Array.  C-Typa 

3187 

368 

C 

Solar  Call  Array,  C-Type 

3187 

36C 

n 

SoUr  Cell  Array.  C-Type 

3187 

36A 

X 

c 

Solar  Cell  Array.  C-Type 

3187 

e  361 

X 

c 

Solar  Cell  Array.  C-Type 

3187 

36C 

X 

c 

Aerojet  2nd  Surface  Mirror 
Array.  OK  Substrate  - 
trv  566) 

3189 

30 

A 

Aerojet  2nd  Surface  Mirror 
Array.  CMC  Substrate  - 
ftTV  566) 

3190 

80 

A 

Aerojet  2nd  Surface  Mirror 
Array,  (Flberflaae 

Subatrate  STV  566) 

3191 

80 

A 

Aerej-t  iad  Surface  Mirror 
Array,  (Flber*laaa 

Subatrate  STV  566) 

3192 

80 

A 

Aerojet  2ad  Surface  Mirror 
Array,  (Flberjlaae 

Subatrate  STV  566) 

3193 

SO 

A 

Aerojet  2nd  Surface  Mirror 
Array.  {Fiberglass 
Subatrate. STV  615  Sucking) 

3194 

79 

A 

Aerojet  2nd  Surface  Mirror 
Array.  FlberaUaa 

Subatrate.  STV  615  Backing) 

3195 

SO 

A 

Aerojet  2s d  Surface  Mirror 
Array,  {Fiberglass 
subatrate. STV  615  Becklug) 

3196 

80 

A 

Aerojet  2nd  Surface  Mirror 
Array,  ”*  Te'.eecope 
Subatrate, STV  615  Backing) 

3200 

80 

A 

Aerojet  2nd  Surface  Mirror 
Array,  Cl*  Teleacope 
Subulate.  STV  615  Sacking) 

1201 

*0 

A 

Aerojet  2nd  Surface  Mlrro- 
trray.  (I*  Teieacope 
Subatrate, STV  615  back  Is*) 

5202 

80 

A 
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X 


Y  RANGE 


s 

< 

CO 

j  g  £  o 
w  w  0! 

Q  cu  IS 

i  i> 

X 

Y  RANGE 

*03178 

» — i  n  n 

l 

1 — » 

H 

.0187  .0*25 

1*.92 

.638CC.C0 

*03178 

2 

H 

.0121  . *0*9 

£.89 

3.81600.00 

AO 31 7 8 

3 

H 

.0153  .6383 

c.8* 

7.3C8CO.OO 

A03178 

* 

H 

.02536.0*58 

19.68 

-*.76600.00 

A03178 

5 

H 

.0178  .2936 

13.65 

*.13800.00 

A03178 

6 

H 

.02*’*  .*795 

15.37 

8.25800.00 

A03178 

7 

H 

.0229  .*09* 

16.83 

7. 30800.00 

A03176 

8 

H 

.0115  .2*50 

3.89 

2.2260C. 00 

A03178 

9 

H 

.01996.2233 

15.87 

-.95800. 00 

A03178 

10 

H 

.0135  .7023 

e.25 

6.98800.00 

*03178 

11 

H 

.01*86.1*89 

11.75 

-1.598OC.0C 

A03178 

12 

H 

.02556.2052 

2C.32 

-l.598CC.C0 

A03&78 

13 

H 

.010*6.1683 

8.25 

-.95800.00 

A03179 

1* 

H 

.0132  .7217 

7.9* 

6.93800.00 

A03178 

15 

H 

.0129  .785* 

7.30 

7.3080C.0C 

A03178 

16 

H 

.02995.9866 

2  2.86 

-6.988CC.00 

A03178 

17 

H 

.0329  .3065 

25.08 

7.9*800.00 

A03178 

18 

H 

.0206  .0192 

16.51 

.32800.00 

A03178 

19 

H 

.03111.0786 

11.75 

21. 91800.00 

A03178 

20 

H 

.0157  .8211 

8.57 

9.218CC.00 

A03178 

21 

H 

.0C206.0858 

1.59 

-.32eco.co 

*03178 

22 

H 

.0221  .6327 

1*.29 

1C. *8800. C0 

A03173 

23 

H 

•CC67  .ocoe 

5.*0 

.oceoc.co 

*03178 

2* 

H 

.0115  .03*5 

9.21 

.32800.00 

A03178 

25 

H 

.01616.13*3 

12.70 

-1.9C80C.00 

AQ3178 

26 

H 

.0218  .0182 

17. *6 

.32800.00 

A03178 

27 

M 

.02325.93** 

17. *6 

-6.35eCC.00 

A03178 

28 

H 

.0237  .151* 

18.73 

2.868CC  00 

A03178 

29 

H 

.0267  .10*1 

21.27 

2.22eco.co 

A03178 

30 

H 

.013*6.07*2 

1C. *6 

-2.22800.00 

A03178 

31 

H 

.027*5.8650 

2C.00 

-e.e9eoo.oo 

A03178 

32 

H 

.0206  .593* 

13.65 

9.21800.00 

A03178 

33 

M 

.0252  .1263 

2C.00 

2.5*800.00 

A0317B 

3* 

H 

.02105.3635 

1C .16- 

■13.33800.00 

A03178 

35 

H 

.0289  .3218 

21.91 

7.3090C.00 

A03178 

36 

H 

.0233  .773* 

13.33 

13.C28C0.0C 

*03179 

1 

H 

.0199  ,0599 

15.87 

.958C0.00 

*03179 

2 

H 

.0107  .6305 

6.67 

5. *0800.00 

*03179 

3 

H 

.02*9  .39e5 

12.38 

15.568CC.C0 

A03179 

* 

H 

.0258  .0*61 

2C.6* 

. 958CC.00 

A03179 

5 

H 

.0237  .2368 

ie.*i 

*.**800.00 

A03179 

6 

H 

.0292  .80*6 

16.19 

16.838CC.C0 

A03179 

7 

K 

.027*6.1085 

21.59 

-3. 81800. CO 

A03179 

8 

H 

.0315  .088* 

25.08 

2.22800.00 

A03179 

9 

H 

.03*3  .35*7 

25.72 

9.52800.00 

A03179 

10 

M 

.0320  .2510 

2*. 76 

6.35800.00 

A03179 

11 

K 

.0217  .1651 

17.1* 

2.86e0C.C0 

*03179 

12 

H 

.0256  .*8*5 

18.10 

9.52800.00 

A03179 

13 

M 

.02*0  .5972 

15.87 

10.79800.00 

A03179 

1* 

H 

.0222  .0357 

17.78 

.63800.00 

A03179 

15 

H 

.0255  .5*0* 

17. *6 

1C. *8800. 00 

A03179 

16 

H 

.02725.5287 

15 .87- J*. 92800. 00 

A03179 

17 

M 

.0328  .3715 

2*. *5 

9.52800.00 

*03179 

18 

H 

.0229  .67*7 

1*  .29 

11. *3800. 00 

A03179 

19 

H 

.00*52.2318 

-2.22 

2.86800.00 

*03179 

20 

M 

.OC37  .7066 

2.22 

1 .90800.00 

*03179 

21 

H 

.01371.8650 

-3.17 

1C. *8800. 00 

*03179 

22 

H 

.01085.7868 

7.62 

-*.13800.00 

AC3179 

23 

H 

.0206  .0192 

16.51 

.32800.00 

*03179 

2* 

H 

.0165  .*7** 

11.75 

6.C38CC.OO 

*03179 

25 

M 

.02125.9792 

16.19 

-5.08800.00 
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A03179 

26 

H 

.0230  ,0517 

19.41 

.95800.00 

A03179 

27 

H 

.0237  .3059 

18. 1C 

5.7180G.GO 

A03179 

28 

H 

.02545.6084 

15. 87-12. 7C80C.00 

A03179 

29 

H 

.01836.0645 

14.29 

-3.17800.00 

A03179 

30 

H 

«0227  .2111 

17.78 

3. 81800.00 

A03179 

31 

H 

.02085.6740 

12.65 

-5.52800.00 

A03179 

32 

H 

.01035.8022 

7.30 

-3.818C0.C0 

A03179 

33 

H 

.0241  .44,16 

17.46 

e.258CC.OO 

A03179 

3* 

H 

.02755.7872 

15.37- 

•1C.498CC.C0 

A03179 

35 

H 

.02625.9758 

2C.C0 

-6.35800. 00 

A03179 

36 

H 

.0259  .3120 

1  **68 

t. 35800. 00 

A0318C 

1 

C 

.02285.9117 

2>.45 

-5. 52800.00 

A0318C 

2 

C 

.02676.1791 

21.27 

-2.22800.00 

A0318C 

3 

C 

.0254  .5056 

17.78 

5.84800.00 

A03I8C 

4 

C 

.02625.9280 

15.68 

-7.3C800.00 

A03180 

5 

c 

.02786.2689 

22.22 

-.32800.00 

*031 15  C 

6 

c 

.0260  .2904 

27.62 

8.25800. CO 

A0318Q 

7 

c 

.03776.1458 

25.84 

-4.138C0.C0 

AO3180 

8 

c 

.0246  .0322 

15.68 

.63800.00 

A0318C 

9 

c 

.0349  .2643 

26.99 

7. 30800.03 

A0318C 

10 

c 

.02976.1356 

23.49 

-3. 49800.00 

A0318C 

11 

c 

.0275  .1011 

21.91 

2.228CC.00 

A0318C 

12 

c 

.0270  .2606 

28.57 

7.6280C. 00 

A03180 

13 

c 

.02796.2119 

22.22 

-1.59800.00 

A0318C 

14 

c 

.02936.1849 

22.54 

-2. 22800.00 

A0318C 

15 

c 

.04096.2347 

32.70 

-1.558CC.00 

A0318C 

16 

c 

.03576.2499 

28.57 

-.95800.00 

A0318C 

17 

c 

.04106.1960 

32.70 

-2.868C0.0C 

AC3180 

18 

c 

.04586.1879 

36.51 

-3. 49800.00 

A03180 

19 

c 

.0200  .1194 

15.87 

1.9C800.00 

A03180 

20 

c 

.0247  .4133 

18.10 

7.94800.00 

A03180 

21 

c 

.02255.9274 

16.19 

-7.94800.00 

A03160 

22 

c 

.03196.2209 

25.40 

-1.59800.00 

A0313C 

23 

c 

.0302  .4636 

21.59 

IC.798CC.00 

A0318C 

24 

c 

.0321  .2123 

25.08 

5.40803.00 

A031SC 

25 

c 

.02706.2539 

21.59 

-.63800.00 

A03180 

26 

c 

.0256  .2926 

19.68 

5. 71800.00 

403180 

27 

c 

.0292  .3906 

21.59 

£.89800.00 

A0318C 

28 

c 

.03066.2572 

24.45 

-.63800.00 

403130 

29 

c 

.0319  .3178 

24.13 

7.94800.00 

403180 

30 

c 

.0399  .4636 

28.57 

14.29800. 00 

403180 

31 

c 

.02276,1957 

18.10 

-l.S98C0.00 

403180 

32 

c 

.0244  .5292 

16.83 

9.84800.00 

403180 

33 

c 

.0276  ,8871 

13.97 

17.14800.00 

403180 

34 

c 

.0376  .1912 

25.53 

5.71800.00 

403180 

35 

c 

.0430  .2808 

31.02 

9.52800.00 

403180 

36 

c 

.0291  .8501 

2C.64 

23.49800.00 

403180 

1 

x  c 

.02255.8274 

16.19 

-7,94800.00 

403180 

2 

x  c 

.0209  .1714 

16.51 

2.86800.00 

403180 

3 

x  C 

.0256  .8194 

13.57 

14.92800.00 

403130 

4 

X  c 

.02845.9261 

21.27 

-7.94800.00 

403180 

5 

x  C 

.0234  .0339 

18.73 

.63800.00 

403180 

6 

X  c 

.0260  .2904 

27.62 

8.25800.00 

40 3 180 

7 

x  c 

.03195.9142 

23.81 

-5,21800.00 

403180 

8 

x  C 

.0264  .1206 

2C.95 

2.54800.00 

40318C 

9 

x  c 

.02486.1549 

19.63 

-2.54800.00 

4031SO 

10 

x  c 

.03206.146* 

25.40 

-3.49800.00 

403180 

11 

x  C 

.0278  .0000 

22.22 

.00800.00 

403180 

12 

X  C 

,0323  .2967 

24.76 

7.30800.00 

403180 

13 

X  C 

.03386.1180 

20.67 

-4. 44800.00 

403180 

14 

X  C 

.0219  .09CT 

17.46 

1.59800.00 
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A0318C 

15 

X 

c 

.0398  .0699 

31.75 

2.22800.00 

A33180 

16 

X 

c 

.02865.9877 

21.91 

-6.678CC.00 

A0318C 

17 

X 

c 

•03116c 1937 

24.76 

-2.228CC.C0 

A0318C 

18 

X 

c 

.04166.1008 

32.70 

-6.C38CC.00 

A0318C 

19 

X 

c 

.0135  .0294 

1C  .79 

.32800.00 

A03180 

20 

X 

c 

.0272  .2202 

21.27 

4. 76800. CO 

A03180 

21 

X 

c 

.01735.6443 

11.11 

-e.258CC.C0 

A0318C 

22 

X 

c 

.0187  .0849 

14.92 

1.278C0.G0 

A0318C 

23 

l 

c 

.0217  .2405 

16.83 

4. 13800.00 

A0318C 

24 

X 

c 

.0233  .3110 

17.78 

5.7180C.00 

A03180 

25 

X 

c 

.0239  .2007 

18.73 

3. 81800.00 

A0318C 

26 

X 

c 

.0215  .5880 

14.29 

5.52800.00 

A0318C 

27 

X 

c 

.0390  .2573 

30.16 

7.94800.00 

A0318C 

28 

x 

c 

.0312  .1275 

24.76 

3. 17800. GO 

A03180 

29 

X 

c 

.0223  .3838 

16.51 

6.678CC. 00 

A03180 

30 

X 

c 

.0399  .4636 

26.57 

14.29800.00 

A0318C 

31 

X 

c 

.0191  .0624 

15.24 

.95800.00 

AO  3'. 80 

32 

X 

c 

.0138  .7243 

e.25 

7.30800. CO 

A03190 

33 

X 

c 

.0306  .6565 

19.37 

14.526C0.C0 

A031J0 

34 

X 

c 

.03486.1687 

27.62 

-3.17800.00 

AQ3180 

35 

X 

c 

.0310  .3663 

23.18 

8.89600.00 

A03180 

36 

X 

c 

.0449  .7979 

25.08 

25. 72800. CO 

A03181 

1 

c 

.02595.9226 

19.37 

-7.30800.00 

A03181 

2 

c 

•CC615.7315 

4.13 

-2.54800.00 

A03181 

3 

c 

.0139  .4124 

10.16 

4.44800.00 

A03181 

4 

c 

.03395.9244 

25.40 

-9. 52800. CO 

A03181 

5 

c 

.02975.9572 

22.54 

-?.62ecc.co 

A03181 

6 

c 

.0280  .1138 

22.22 

2. 54800.00 

A03181 

7 

c 

.03023.8489 

21.91*10.16800.00 

A03181 

8 

c 

.02076.2064 

16.51 

-i.27ecc.co 

A03181 

9 

c 

.02706.0311 

2C.95 

-5.4C8C0.00 

A03181 

10 

c 

.02525.8618 

18.41 

-8. 25800.00 

A03181 

11 

c 

.0247  .0965 

19.68 

1.90800.00 

A03181 

12 

c 

.0262  .0303 

2C.95 

.636CC.00 

A03I81 

13 

c 

.03025.8783 

22.22 

-5. 52800.00 

A03181 

14 

c 

.02636.1925 

20.95 

-1.90800.00 

A03181 

15 

c 

.02946.2157 

23.49 

-1.59800*00 

A0318I 

16 

c 

.02925.6424 

18.73- 

■13.97S0C.50 

A03181 

17 

c 

.0218  .1831 

17.14 

3.17800.00 

A03X81 

18 

c 

.0176  .1355 

13.97 

1. 90800,00 

A03181 

19 

c 

.01575.5335 

9.21 

-8.57800.00 

A03181 

20 

c 

.00241. 4056 

.32 

1.9C80C.00 

A03181 

21 

c 

.02251. 115C 

7.94 

16.198CC.00 

A03181 

22 

c 

.03075.8427 

22.22-10.48800.00 

A03181 

23 

c 

.03396.1893 

26.5' 

-2. 54800.00 

A03181 

24 

c 

.0358  .2692 

27.62 

7.626CC.00 

A03I81 

25 

c 

.02915.9356 

21.91 

-7.94800.00 

A03I81 

26 

c 

.0242  .0328 

19.37 

.63800.00 

A03181 

2.7 

c 

•C218  .2783 

24.45 

6.588CO.CO 

A03181 

28 

c 

.02806.0107 

21.59 

-i.C380C.00 

A03181 

29 

c 

.02596.1911 

20.64 

-i.9cecc.oo 

A03I81 

30 

c 

.0291  .3045 

22.22 

6.98800.00 

A03181 

31 

c 

.02085.9735 

15.87 

-5.08800.00 

A03181 

32 

c 

.0216  .1107 

17.14 

1.9C8G3.C0 

A03181 

33 

c 

.0205  .6202 

13.33 

9.52800.00 

A031S1 

34 

c 

.03486.0299 

26.99 

-6.98800-00 

A03181 

35 

c 

.0437  .0273 

34.92 

.95800.00 

A03181 

36 

c 

.0517  .1853 

40.64 

7.62800.00 

*03181 

l 

X 

c 

.02855.6759 

18.73-13.C28C0.00 

A03181 

2 

X 

c 

.01836.0645 

14.29 

-3.17800.00 

A03181 

3 

X 

c 

.0156  .1275 

12.38 

1.55800.00 
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A03181 

.02655.799* 

16.73"  -9. 84*800. 00' 

*03181 

5 

x  c 

.02666.2236 

21.27  -1.27800.00 

*03161 

6 

x  c 

.0337  .0235 

26.99  .63800.00 

*03181 

7 

x  c 

.02375.7370 

16.19  -9.848C0.00 

*03181 

8 

x  c 

.02415.9323 

ie.4l  -5.718CC.CC 

*03181 

9 

X  c 

.0282  .0563 

22.54  1.27800.00 

*03181 

10 

X  c 

.02655.7325 

ie. 10-11. 11800. 00 

*03181 

11 

X  C 

.0227  .1045 

18.10  1.9C8CC.00 

*03131 

12 

x  c 

.02325.9344 

17.46  -6.35600.00 

*03181 

13 

X  c 

.02235.7001 

14.92  -9.84SC0.00 

*03181 

1* 

X  C 

.0253  .1574 

2C.C0  3.17800.00 

*03181 

15 

x  c 

.0240  .1326 

19.05  2.548C0.C0 

*03181 

lb 

X  c 

.02225.4346 

11. 75-13. 33800.00 

*03181 

17 

X  c 

.0145  .1651 

11.43  1.9C8CC.0G 

*03181 

18 

X  c 

.0179  .4340 

13.02  6.03800.00 

*03181 

19 

X  c 

.01315.2166 

5.08  -9. 21800. 00 

*03181 

20 

X  c 

.00573.3527 

-4.44  -.95300.00 

*03181 

21 

x  c 

.01881.3361 

3.49  14.6C8CC.CG 

*03181 

22 

X  C 

.03075.8427 

22.22-lC.488CC.00 

*03181 

23 

x  C 

.03106.1155 

24.45  -4.1380C.00 

*03181 

24 

X  c 

.0350  .1707 

27.62  4.76800.00 

*03181 

25 

X  c 

.03305.9652 

25.08  -e. 25800. CO 

*03181 

26 

x  C 

.02505.9765 

14. C5  -6.C38C0.C0 

*03181 

27 

X  c 

.0262  .2450 

2C.32  5.C88CO.OO 

*03181 

28 

X  c 

.02705.0550 

19.68  -8.89800. CO 

*03181 

29 

x  C 

•0204  .1171 

16.19  1.9C800.Q0 

*03181 

30 

X  c 

.0232  .2947 

17.78  5.4C800.00 

*03181 

31 

x  C 

.02495.7838 

17.46  -9.52600.00 

*03181 

32 

X  C 

.0246  .0161 

14.68  .32600.00 

*03181 

33 

X  c 

.0207  .3520 

15.56  5.71800.00 

*03181 

34 

x  C 

.03605.8392 

26.C3-12. 38600.00 

*03181 

35 

x  C 

.04276.1900 

33.9?  -3.1760C.CO 

*03181 

36 

X  c 

.0515  .3218 

39.05  13.C28C0.C0 

*03182 

1 

H 

.01371.9567 

-4.13  1C. 16800. 00 

*03182 

2 

H 

.00911.1659 

2.86  6.67800.00 

*03182 

3 

H 

.01274.6500 

-.63-1C. 168CQ.00 

*03182 

4 

H 

.0247  .4852 

17.46  9.218CC.GO 

*03182 

5 

H 

.0243  .1974 

19.05  3. 81800.00 

*03182 

6 

H 

.02755.8518 

20.00  -9.21800.00 

*03182 

7 

H 

.0256  .4151 

18.73  8.25800.00 

*03182 

8 

M 

.0244  .5655 

16.51  1C.488CC.00 

*03182 

9 

H 

.02375.8871 

17.46  -7.30800.00 

*03182 

10 

H 

.02036.2440 

16.19  -.63800.00 

*03182 

11 

H 

.0181  ,4538 

13.02  6.358CC.C0 

*03182 

12 

H 

.02045.7761 

14.29  -7.94800.00 

*03182 

13 

H 

.0160  .2510 

12.38  3.17SOO.OO 

*03182 

14 

H 

.0222  .2709 

17.14  4.76800,00 

*03182 

15 

K 

.02636.0858 

2C.64  -4.138CC.00 

*03182 

16 

H 

.0303  .2513 

23.49  fc.Q3S0C.00 

*03182 

17 

H 

.0338  .0588 

28.99  1.59800.00 

*03182 

18 

H 

.0235  .2737 

18.10  S. 08800.00 

*03182 

19 

H 

.02311.0304 

9.52  15. 57800.00 

*03182 

20 

H 

.01835.8098 

13.02  -6. 67800.00 

*03182 

21 

H 

.01874.7124 

.00-14.92800.00 

*03182 

22 

H 

.0268  .3640 

2C.Q0  7.62800.00 

*03132 

23 

H 

.0243  .2648 

18.73  5.C88CC.OO 

*03182 

24 

H 

.02375.6163 

14.92-11.75800.00 

AC3182 

25 

H 

.0210  .5145 

14.60  8.25800.00 

*03182 

26 

H 

.01725.8298 

12.38  -6.C3800.00 

*03182 

27 

H 

.01815.8783 

13.33  -5. 71800.00 

*03182 

28 

H 

.0181  .1543 

14.29  2.22800.00 
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*03182 

29 

H 

.0156  .1275 

12.39  1.55800.00 

*03132 

30 

H 

.01665.5486 

5.84  -3. 89600.00 

*03182 

31 

H 

.0230  .1906 

16.10  3.498C0.00 

*03182 

32 

H 

.0175  .0681 

13.97  .95800. CO 

*03182 

33 

H 

.02216.1210 

17.46  -2.86800.00 

*03182 

34 

H 

.03586.2396 

26.57  -l. 27800.00 

*03182 

35 

H 

.0338  .0588 

26.99  1.5930C.C0 

*03182 

36 

H 

.02976.0674 

23.18  -5.03600.00 

*03183 

1 

H 

.00611.3734 

.95  4. 76600.00 

*03183 

2 

H 

.00531.1071 

1.90  3.tlSCC.C0 

*03183 

3 

H 

♦0C864.4786 

-1.59  -6. 67800.00 

*03183 

4 

H 

.0245  .2450 

14. 05  4.76300.00 

*03183 

5 

H 

.02366.2693 

22.86  -.32600.00 

*03183 

6 

H 

.02366.2554 

22.86  -.63600. 00 

*03183 

7 

N 

.0300  .3510 

22.54  6. 25800.00 

*03183 

8 

H 

.0211  .0941 

16.83  1. 59600.00 

*03183 

9 

H 

.03376.0211 

26.03  -6.998CC.00 

*03183 

10 

H 

.0220  .4073 

16.19  6.98800.00 

*03183 

11 

H 

.0189  .1083 

14.60  1. 59800.00 

*03183 

12 

H 

.01815.8733 

13.33  -5.71800.00 

*03133 

13 

H 

.02326.1461 

18.41  -2.548C0.00 

*03183 

14 

H 

.01136.1065 

8.89  -1.598C0.C0 

*03183 

IS 

H 

.02135.8114 

15.56  -7. 94800.00 

*03183 

16 

H 

.02946.269? 

23.49  -.32800.00 

*03183 

17 

H 

.03576.2310 

28.57  -.61600.00 

*03183 

ie 

H 

.02236.0352 

25.09  -6.3580C.C0 

*03183 

19 

H 

.0186  .5930 

12.38  8.25800.00 

*03183 

20 

H 

.0171  .0233 

13.65  .32800.00 

*03183 

21 

H 

.02495.0039 

5.71-19.05830.00 

*03183 

22 

H 

.01986.1015 

15.56  -2.36800.00 

*03183 

23 

H 

.02176.0427 

16.83  -4. 13300.00 

*03183 

24 

H 

.02955.9402 

22.22  -7.54800.00 

*03183 

25 

H 

.01535.9942 

n.75  -3.498S0.C0 

*03183 

26 

H 

.0124  .1233 

5 .34  1.278CC.C0 

*03183 

27 

H 

.02145.7364 

14.60  -6.89300.00 

*03183 

28 

H 

.0238  .1643 

18.73  3.49800.00 

*03183 

29 

H 

.0133  .0651 

14.63  .95800.00 

*03183 

30 

H 

.01425.9703 

10.79  -3.49SC0.C0 

*03183 

31 

H 

.02276.1763 

18.10  -l.9C800.C0 

*03183 

32 

H 

.02845.9261 

21.27  -7.94SO0.O0 

*03183 

33 

H 

.02556.1397 

2C.32  -1.9CSOO.OO 

*03183 

34 

H 

.0310  .COCO 

24.76  .cceec.oo 

*03183 

35 

H 

.02846.1571 

22.54  -2.S6SCC.00 

*03183 

36 

H 

.02946.2292 

23.49  -1. 27800. CO 

*03184 

l 

c 

.01591.0175 

6.67  1C.79SOC.CO 

*03184 

2 

c 

.01406.1694 

11. U  -1.27800.00 

*03184 

3 

c 

.02735.5698 

16. 51-14. 29800.00 

*03184 

4 

c 

.0430  .1576 

33.97  5.4CSOO.OO 

*03184 

5 

c 

.03976.2732 

31.75  -.32800.00 

*>03184 

6 

c 

.04465.9755 

33. 97-10.79800. 00 

*03184 

1 

c 

.0346  .2533 

26.99  6.98800.00 

*03184 

• 

c 

.02586.2371 

2C.64  -.95800,00 

*03184 

9 

c 

.03355.9203 

25.08  -9,52800. 00 

*0318* 

10 

c 

.0321  .3530 

24.13  i. 89800.00 

*03184 

11 

c 

.02746.2397 

21.91  -.95800.00 

*03184 

12 

c 

.03656.0303 

23.26  -7.30800.00 

*03184 

13 

c 

.0304  .3465 

22.86  8. 25800.00 

*03184 

14 

c 

.0281  .1419 

22.22  3.17800.00 

*03184 

15 

c 

.02436.0732 

14.37  -4.13800.00 

*03184 

16 

c 

.0462  .0774 

36.83  2.66800.00 

*03184 

17 

c 

.03846.1538 

3C.48  -3.8180C.C0 
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AO 3 194 

18 

c 

,0275  .0723 

21.91 

l.SSSCC.GQ 

*03184 

19 

C 

.0334  .7434 

19.63 

ie. 10800.00 

A03184 

20 

C 

.0197  .1618 

15.56 

2. 54800. CO 

A03184 

21 

c 

.02635. 145C 

e.89- 

15.C58C0.C0 

*03184 

22 

c 

.0217  .3852 

23.49 

5. 52ECC.CC 

*03184 

23 

c 

.0266  .0298 

21.2? 

.63800.00 

*03 134 

2* 

r. 

. 02045. 978C 

23.13 

-?. 3ceoo.ce 

*03194 

25 

c 

.0225  .4691 

23.13 

11.75SCC.CC 

*03194 

26 

c 

.0211  .0565 

16.83 

.95800.00 

*03194 

22 

c 

.02435.9651 

26.03 

-8. 57800. 00 

*03184 

28 

c 

.0217  .3852 

22.49 

5. 5 2 SOC. CO 

*03184 

24 

c 

.0223  .1974 

17.46 

2. 4930G.ee 

*03184 

20 

c 

.03385.9726 

25.72 

-fi. 25800.00 

*03184 

31 

r 

.0298  .2839 

22 .86 

6. 67800. GO 

*03184 

32 

c 

.0258  .0*61 

*'■.64 

.9S8CC.CC 

*03184 

33 

c 

.02395.9614 

25.72 

-e.S78CC.C0 

*03184 

34 

c 

.0452  .2301 

35.24 

8.258CC.C0 

*03194 

35 

c 

.0520  .0153 

41.59 

.63800.CS 

*03184 

36 

c 

.05036.0765 

39.37 

-S.258C0.C0 

*03184 

1 

X  c 

.0C921 . 1264 

2.17 

6.676CC.C0 

*03184 

2 

X  C 

.0104  .3097 

7.94 

2. 64 SCO. CO 

*03184 

3 

X  c 

.02005.3004 

fi.89-13.238C0.00 

*03184 

4 

X  C 

.0230  .1691 

2C.03 

4. 44 see. CO 

*03134 

5 

X  c 

.02306.2110 

26.35 

-1.5C8CC.C0 

*03134 

6 

X  t 

.03395.9352 

24.45- 

a. 758cc.ce 

*03184 

7 

x  C 

.0248  .2532 

26.99 

6. 9S8CC.ee 

*03134 

8 

X  C 

.03496.1349 

27.62 

-4.13SCC.C0 

*03194 

9 

X  C 

.02865.7761 

2e.co-u.n9ce.cc 

*03194 

10 

X  C 

.0275  .*959 

19.3? 

1C.488CC.CO 

*03184 

11 

X  c 

.02956.1989 

23.49 

-2.22SCO.CO 

*03184 

12 

X  C 

.02765.9160 

2C.64 

-7.948CC.C0 

*03134 

13 

X  c 

.02*6  .1784 

19.37 

3.4S8GC.00 

*03184 

14 

X  c 

.0239  .099? 

19.05 

1.9CSCC.G0 

*03184 

15 

X  c 

.02446.1689 

19.27 

-2.22eOC.CO 

*03184 

16 

X  c 

.0393  .0404 

31.43 

1.278CC.C-Q 

*03184 

1? 

x  C 

.0382  .0931 

3C.48 

2. 543CC.CC 

*03184 

19 

X  C 

..0253  .0225 

28.26 

.63800. CO 

*03184 

19 

X  c 

.0253  .3520 

12.23 

15. 249C0.CC- 

*03184 

20 

X  c 

.0108  .4145 

7.94 

3.458CG.C0 

*03184 

21 

X  C 

.02355.4056 

17.14- 

-2C.848CC.C0 

*03.14 

22 

X  c 

*0215  .2*19 

24.45 

6.C38SC.00 

A0?i84 

23 

x  C 

.0267  ,0745 

21.27 

1.598CC.00 

*03184 

24 

x  c 

.03045.9780 

22.10 

-7.3oeco.eo 

*03184 

25 

X  £ 

.0305  .4869 

21.59 

11.4 J8CC.C0 

*03184 

26 

X  £ 

.0296  .0278 

22.86 

.63800.00 

*03184 

27 

X  C 

.02625.8942 

19.3? 

-7.  14800.00 

*03184 

28 

x  c 

.0262  .5586 

17.78 

n.uecG.oo 

*03184 

29 

X  £ 

.0255  .0730 

2C.32 

1 . 59800.00 

*03184 

30 

x  C 

.03196.0955 

*5.08 

-4.76800.00 

*03184 

31 

X  C 

.0346  .1727 

27.20 

4.760CO.SO 

*03184 

32 

x  c 

.0306  .0260 

2*. 45 

.633CC.Ce 

*03184 

33 

X  t 

.02946.1203 

23.18 

-2.eiecc.co 

*03184 

34 

x  C 

.0375  .1060 

29.34 

3*1 78C0.00 

*03184 

35 

x  C 

.0363  .0936 

28.89 

2. 868CO.CO 

*03194 

36 

X  C 

.05466.0958 

4*  .86 

-8.578C0.00 

*03115 

* 

.0384  .1974 

3C.16 

6.03800.00 

*03185 

2 

c 

.0243  .0*55 

19.3? 

1.27800.00 

*03185 

3 

c 

.02906.1298 

30.80 

-4.76*00.00 

*03185 

4 

c 

.0402  .0593 

32  .07 

1-5O8C0.OQ 

*03185 

5 

c 

,03716.1761 

29.53 

-3.nscc.oe 

*03185 

6 

c 

.03646.0858 

28-57 

-5. 71800.00 
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A03185 

7 

c 

.0346  .0689 

27.62  1. 90800.00 

A03185 

8 

c 

.04336.2557 

34.61  -.55800.00 

A03185 

9 

c 

.03735.9581 

28.26  -5.528C0.00 

A03185 

10 

c 

.0455  .1135 

36.19  4.13800.00 

A03185 

11 

c 

.03946.2227 

31.43  -1.9C8C0.00 

A03185 

12 

c 

.04176.0821 

32.70  -6.678CC.00 

A03185 

13 

c 

.03856.2729 

30. SO  -.32800.00 

A03185 

H 

c 

.03816.2524 

3C.48  -.63800. CO 

A03185 

15 

c 

.04146.1965 

33.02  -2.e68C3.00 

AO 31 8 5 

16 

c 

.04496.2213 

35.88  -2.22800.00 

A03185 

17 

c 

.0643  .0123 

51.43  .63800.00 

A031S5 

18 

c 

.05186.0903 

4C.64  -7.548CC.C0 

A031B5 

19 

c 

.0349  .3002 

26.67  8*25800*00 

A03185 

20 

c 

.0278  .0143 

22.22  .32800.00 

A03185 

21 

c 

.03825.4831 

21.27-21.91800.00 

A03185 

22 

c 

.04496.2566 

35.88  -.95800,00 

A0318S 

23 

c 

.04036.1051 

31.75  -5. 71800.00 

A03185 

24 

c 

.03915.9197 

25.21-11.11800. CO 

A03185 

25 

c 

.0397  .0300 

31.75  .95800.00 

A03185 

26 

c 

.04206.1600 

33.34  -4. 13800.00 

A03185 

27 

c 

.04355.9095 

32.38-12.7C8CC.00 

A03185 

28 

c 

.04286.1531 

33.97  -4.448CC.00 

A03185 

29 

c 

.03546.2047 

28,26  -2.22800.00 

A03185 

30 

c 

.03955.9773 

3C.16  -9.52e00.00 

A03185 

31 

c 

.02756.1821 

21,91  -2.22eOC.CO 

A03185 

32 

c 

.0341  .0233 

27,30  .638CC.CO 

A03185 

33 

c 

.03585.9790 

27.30  -8.57800.00 

A03185 

34 

c 

.0706  .0112 

56.51  .63800.00 

A03185 

35 

c 

.06176.2059 

49.21  -3.81800.00 

A03185 

36 

c 

.07646.1633 

6C.64  -7.3C8CC.C0 

A03185 

1 

X 

c 

.0433  .1471 

34.29  5.08800.00 

N03185 

2 

X 

c 

.0302  .0263 

24.13  .63800.00 

A03185 

3 

X 

c 

.03906.1298 

3G.80  -4. 76800.00 

A03185 

4 

X 

c 

.0329  .1453 

26.03  3.8180C.00 

A03185 

5 

X 

c 

.04176.2546 

33,34  -.95800.00 

A03185 

6 

X 

c 

.03705.9445 

27.94  -9.84800.00 

A03185 

7 

X 

c 

.0367  .0975 

29.21  2. 86800. 00 

A03185 

8 

X 

c 

.0449  .0530 

35.88  1.9080C.00 

A03185 

9 

X 

c 

.03326.1633 

26.35  -3.17800.00 

A0318S 

10 

X 

c 

.0445  .0179 

35.56  .63800.00 

A031S5 

11 

X 

c 

.03226.2585 

25,72  -.63800.00 

AQ3185 

12 

X 

c 

.03215.9692 

24.45  -7.94800.00 

A03185 

13 

X 

c 

.0371  .1071 

29.53  3.17800.00 

A0318S 

14 

X 

c 

.03256.2710 

26.03  -.32800.00 

A03185 

15 

X 

c 

.03316.1990 

26.35  -2.22800.00 

A03185 

16 

X 

c 

.0418  .0655 

33.34  2.86800.00 

A03185 

17 

X 

c 

.0556  .0214 

44.45  .95800.00 

A0318S 

18 

X 

c 

.0520  .0305 

41.59  1.278CC.00 

AC31BS 

19 

X 

c 

.0337  .0235 

26.99  .63800.00 

A03185 

2Q 

X 

c 

.0245  .2292 

19,05  4. 44800.00 

A0318S 

21 

X 

c 

.04555.5348 

26,67-24.76800.00 

ACJ185 

22 

X 

c 

.0437  .1457 

34.61  5.08800.00 

A03185 

23 

X 

c 

.0377  *0000 

30.16  .00600.00 

A03185 

24 

X 

c 

.03315.9539 

25.03  -8.57800.00 

A03185 

25 

X 

c 

.0367  .1740 

28,89  5. 08800.00 

A03185 

26 

X 

c 

.02996.0962 

23.49  -4.44800.00 

A03185 

27 

X 

c 

.03666.1198 

28.89  -4. 76800. OC 

A03185 

28 

X 

c 

.03626.2064 

28.89  -2.22800.00 

A03185 

29 

X 

c 

.02676.0887 

20,95  -4,13800.00 

A03185 

30 

X 

r 

.03316.0411 

2r.72  -6.35800.00 

A03185 

31 

X 

c 

.0214  .OOCG 

17.14  .00800.00 
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AQ3185 

32 

X 

c 

.0341  .0233 

27.30 

403185 

33 

X 

c 

.  04006. 043C 

31.21 

A03185 

34 

X 

c 

.0714  .0111 

57.15 

A03185 

35 

X 

c 

.06416.1964 

51.12 

A03185 

36 

X 

c 

.07666.1061 

60.32- 

A03186 

1 

A 

H 

.00921.4411 

.95 

A03186 

2 

A 

H 

.0060  .4049 

4.44 

AC3186 

3 

A 

H 

.01775.4819 

9.84- 

A03186 

4 

A 

M 

.0259  .1073 

20.64 

A03186 

5 

A 

H 

.0229  .1566 

18.10 

A03166 

6 

A 

H 

.02595.4110 

12.33- 

A03186 

7 

A 

H 

.0215  .5680 

14.29 

A03186 

8 

A 

H 

.01535.9123 

11.43 

A03186 

9 

A 

H 

.02375.7143 

19.37- 

A03186 

10 

A 

M 

.0223  .2148 

17.46 

A03186 

11 

A 

H 

.0171  .0000 

12.65 

A03186 

12 

A 

H 

.02705.9382 

20.32 

A03186 

13 

k 

M 

.0245  .3474 

18.41 

A03186 

14 

A 

H 

-00956.2415 

7.62 

A03186 

15 

A 

H 

.03225.8637 

23.49- 

A03186 

16 

A 

H 

.0457  .3272 

34.61 

A03186 

17 

A 

H 

.02716.1806 

21.59 

A03186 

18 

A 

H 

.0171  .3805 

12.70 

A03186 

19 

A 

H 

.0254  .5056 

17.78 

A03186 

20 

A 

H 

.01745.9830 

13.33 

A03H86 

21 

A 

H 

.02495.1403 

8.25- 

A03186 

22 

A 

H 

.0274  .2485 

21.27 

A03186 

23 

A 

H 

.02876.0885 

22.54 

A03186 

24 

A 

H 

.02875.6452 

18.41- 

403186 

25 

A 

H 

.0245  .3985 

18.10 

403186 

26 

A 

H 

.02106.0932 

16.51 

A031S6 

27 

A 

M 

.01655.7551 

11.43 

403186 

28 

A 

H 

.0289  .2216 

22.54 

A03186 

29 

A 

H 

.02025.9428 

15.24 

A03186 

30 

A 

H 

.01495.9866 

11.43 

A03186 

31 

A 

H 

-0174  .3002 

13.33 

A03186 

32 

A 

H 

.00825.6009 

5.08 

A03186 

33 

A 

H 

.02205.9900 

16.83 

A03186 

34 

A 

H 

.02626.2529 

20.95 

403186 

35 

A 

H 

.02516.1882 

20. CO 

A03186 

36 

A 

H 

.0202  .0000 

16.19 

A03186 

1 

8 

H 

.0152  .2640 

11.75 

A03186 

2 

8 

K 

.0111  .0713 

8.89 

A03186 

3 

8 

H 

.01606.0322 

12.38 

403186 

4 

8 

H 

.0289  .5499 

19.68 

A03186 

5 

3 

H 

.03146.2200 

25. C8 

403186 

6 

6 

H 

.02906.2421 

23.18 

AQ3186 

7 

8 

H 

.0278  .8359 

14.92 

A03186 

8 

8 

H 

.02086.1683 

16.51 

A03186 

9 

B 

H 

.02225.7796 

15.56 

403186 

10 

3 

H 

.0333  .6341 

2C.64 

A03186 

11 

8 

H 

.0253  .2374 

19.68 

A03186 

12 

3 

H 

.02285.7338 

15.56 

A03186 

13 

3 

li 

.0311  .4922 

21.91 

A03186 

14 

B 

H 

.0189  .2552 

14.60 

A03186 

15 

S 

H 

.02056.1276 

16.19 

403186 

16 

3 

H 

.0432  .2316 

33.65 

A03196 

17 

3 

H 

.04096.2444 

32.70 

AC31B6 

18 

ft 

H 

.0338  .0470 

26.99 

403186 

19 

ft 

H 

•02591.2588 

6.35 

403196 

20 

ft 

H 

.0107  .5468 

7.30 

.63600*00 
-7.62600.00 
.6380C.CO 
-*.64800.00 
1C. 79800. 00 
7.3C800.00 
1 .90800. CO 
1C.168CC.00 
2.22800.00 
2.86800.00 
15.878CC.00 
9.5280C.0C 
-4.44800.00 
12.38800.00 
3.81800.00 
.CCS0C.0C 
-7.30800.00 
6.67S00.00 
-.32600.00 
1C. 48800.00 
11.75800.00 
-2.228C0.00 
5.C88CC.00 
5. 84800.00 
-4.13800.00 
18.1C8CC.30 
5.4C8CC. 00 
-4.44800.00 
•13.65800.00 
7.62800.00 
-3.17800.00 
-6. 67800.00 
5.C8  8C0.C0 
-5.4C8CC.00 
-3.49800.00 
4.13800.00 
-4.13800.00 
-5.C88C0.00 
-.63800.00 
-1.9C800.00 
.CC80C.G0 
3.17800.00 
.63800.00 
-3. 17800.00 
12.C68C0.00 
-1.59800.00 
-.95800.00 
16.51800.00 
-1.90800.00 
-8.57800.00 
16.838CC.G0 
4. 76800.00 
-9.52600.00 
11.75800.00 
3. 81800. CO 
-2.54800.00 
7.94800.00 
-l.2780C.00 
1.27800.00 
19.68800.00 
4.44800.00 
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A03186 

21  8 

H 

.01265.9616 

9.52 

-3.1780C.00 

AO 3 186 

22  3 

H 

.0237  .5662 

16.19 

9,86800.00 

*03166 

23  B 

H 

.02626.2360 

19.37 

-.95800,00 

*03186 

2*  B 

H 

.0203  .0783 

16.19 

1.27600.00 

*03186 

25  B 

H 

.0231  .3869 

17.16 

6.988CC.00 

AC3186 

26  B 

H 

.0183  .0867 

16.60 

1 . 2780C.00 

*03186 

27  B 

H 

.02766.1535 

21.91 

-2.86800. Cu 

*03186 

28  B 

H 

.0230  .3163 

17.66 

5.716CC.00 

*03186 

29  8 

H 

.02676.1867 

15.63 

-1.9C800.00 

*03186 

30  B 

H 

.0257  .2337 

20 .00 

6. 76800.00 

*03186 

31  B 

H 

.0265  .2292 

19.05 

6.66800.00 

*03186 

32  B 

H 

.02296.1266 

18.10 

-2.866CC.00 

*03186 

33  B 

H 

.02665.9206 

18.61 

-6.9eacc.oo 

*03186 

36  6 

H 

.0366  .1158 

27.30 

3.17SCO.OO 

*03186 

35  B 

H 

.06066.1261 

32.07 

-5.C88CC.00 

*03186 

36  B 

H 

.06016.2636 

32.  C7 

-.63800.00 

*03186 

1  C 

H 

.01266.0611 

9.86 

-2. 22800.00 

*03186 

2  C 

H 

.01015.5533 

6.03 

-5. 60600. 00 

*03186 

3  C 

H 

.01096,8955 

1.59 

-8.57800.00 

*03186 

6  C 

H 

.0211  .2861 

16.19 

6.76800.00 

*03186 

5  C 

H 

.02036.2660 

16.19 

-.63800,00 

*03186 

6  C 

H 

.02385.7972 

16.83 

-8.69800.00 

*03186 

7  C 

H 

.02166.2667 

17.16 

-.32800. 00 

*03186 

8  C 

H 

.01636.2588 

13.02 

-.32800.00 

*03186 

9  C 

H 

.02625.6725 

15.87-H.118CO.OO 

*03186 

10  C 

H 

.0172  .3290 

13.02 

6.66800.00 

*03186 

U  C 

H 

.02366.2693 

18.73 

-.638CC.00 

*03186 

12  C 

H 

.02655.9672 

20.00 

-6.988CC.00 

*03186 

13  C 

M 

.02366.2326 

18.73 

-.55800.00 

*03186 

16  C 

H 

.0187  .0637 

16.92 

.95800.00 

*03186 

15  C 

H 

.01895.7068 

12.70 

-8.25800.00 

*03186 

16  C 

H 

.0472  .0168 

37.78 

.63800.00 

*03186 

1?  C 

H 

.0385  .0103 

3C.80 

•328CC.OO 

*03186 

18  C 

H 

.03626.2393 

28.89 

-1.27800.00 

*03186 

19  C 

H 

.0181  .2663 

13.97 

3.81800.00 

*03186 

20  C 

H 

.0250  .0159 

20.00 

.32800.00 

*03186 

21  C 

H 

.01576.9962 

3.69-12. C68CG. 00 

*03186 

22  C 

H 

.0286  .3129 

21.59 

6.98800.00 

*03186 

23  C 

H 

.02016.0239 

15.56 

-6.13800.00 

*03186 

26  C 

H 

.02865.7883 

20. CO- 

•10.79800.00 

*03186 

25  C 

H 

.0210  .6511 

13. 33 

1C.168C0.C0 

*03186 

26  C 

H 

.0159  .0500 

12.70 

.63800.00 

*03186 

27  C 

H 

,03185.9259 

23.81 

-8.89800,00 

*03186 

28  C 

H 

.0287  .5688 

19.37 

12.388CO.OO 

*03186 

29  C 

H 

.01996.203* 

15.87 

-1.27800.00 

*03186 

30  C 

H 

.02115.9376 

15.87 

-5.71800.00 

*03186 

31  C 

H 

.0256  .6357 

13.61 

8.57800.00 

*03186 

32  C 

H 

.01196.2166 

9.52 

-.63800.00 

*03186 

33  C 

H 

.02326.1631 

18.61 

-2.22800.00 

*03186 

36  C 

H 

.0613  .1666 

32.70 

6.76800.00 

*03186 

3$  C 

H 

.0308  .1166 

26.65 

2.86800.00 

*03186 

36  C 

H 

.05226.1996 

61.59 

-3. 69800.00 

*0318? 

1  A 

C 

.01691.1310 

5.08 

1C. 79800. 00 

*03187 

2  * 

C 

.00696.1085 

5.60 

-.95800.00 

*0318? 

3  A 

C 

.01075.9027 

7.96 

-3*17800.00 

*0318? 

6  * 

C 

.0312  .3781 

23.13 

9.21800.00 

*03187 

5  * 

C 

.0311  .1022 

26.76 

2.56800.00 

*03187 

6  * 

C 

.03065.9532 

23.18 

-7.96800.00 

*03181 

7  * 

£ 

.0301  .3928 

22.22 

9*21800. 00 

*03187 

8  a 

C 

.02356.1986 

18.73 

-l. 59800.00 

*0318? 

9  A 

c 

.01975.9551 

16.92 

-5.C8800.00 
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A03187 

rn 

c 

'  «0297k  ,326(f 

22.54 

7.62800.00 

A03137 

U 

A 

c 

,0278  .0571 

22.22 

1.27800.00 

A031B7 

12 

A 

c 

.02725.9568 

20.64 

-6. 58800.00 

A03187 

13 

A 

c 

.0210  .3277 

15.87 

5.4G800.00 

A031B7 

l* 

A 

c 

.0178  .2016 

13.97 

2. 86300.00 

A031S7 

15 

A 

c 

.02246.0511 

17.46 

-4.13800.00 

A03137 

16 

A 

c 

.0388  .1853 

30.43 

5.71800.00 

A03I87 

17 

A 

c 

.0394  .0806 

31.43 

2.548C0.C0 

A03187 

18 

A 

c 

.05236.1155 

41.27 

-6. 98800.00 

A03187 

19 

A 

c 

.0210  .9197 

1C. 16 

13.33800.00 

A03187 

20 

A 

c 

.0204  .2355 

15.87 

3.eieoo.co 

A03187 

21 

4 

0m 

c 

.02115.5644 

12.70- 

11.11800,00 

A03187 

22 

A 

c 

.0302  .5224 

2C.95 

12.C6800.00 

A031B7 

23 

A 

c 

.0236  >1181 

18.73 

2.22800.00 

A031B7 

2* 

A 

c 

.03445.7368 

23.49- 

■14.29300. 00 

A03187 

25 

A 

c 

.0239  .7736 

13.65 

13.33800.00 

A03187 

26 

A 

c 

.0204  .1364 

16.19 

2.22800.00 

A03I87 

27 

A 

c 

.02675.8861 

19.63 

-8.25800. CO 

A03187 

28 

A 

c 

.0256  .5191 

17.7a 

1C.16SOO.OO 

A03187 

29 

A 

c 

.0203  .0392 

16.19 

.63800.00 

A03187 

30 

A 

c 

.02755.9295 

20.64 

-7.62800.00 

A03187 

SI 

A 

c 

.0286  .3393 

21.59 

7.628CC.C0 

A03187 

32 

A 

c 

,0218  .0363 

17.46 

.63400.00 

A03187 

33 

A 

c 

.02645.8330 

19.05 

-5.21800.00 

A03187 

3A 

A 

c 

.0345  .3036 

26.35 

8.25800.00 

A03187 

35 

A 

c 

.0272  .1171 

21.59 

2.5480C.C0 

A03187 

36 

A 

c 

.02795.9795 

21.27 

-6.67800.00 

AQ3187 

1 

8 

c 

.0186  .6947 

11.43 

9.52800.00 

AQ3187 

2 

B 

c 

.0147  .0540 

11.75 

.63800.00 

A031B7 

3 

8 

c 

.01675 >9690 

12.70 

-4. 13800. CO 

A03187 

4 

8 

c 

.0336  .1185 

26.67 

3.17800.00 

AC3187 

5 

8 

c 

.02716.1806 

21.55 

-2.22800.00 

A03187 

6 

8 

c 

.02415.9823 

18.41 

-5.71800.00 

A03187 

7 

B 

r 

.0302  ,0000 

24.1? 

,CC800»Q0 

A03187 

8 

8 

c 

.02686.0130 

20*64 

-5.71B00.00 

A03187 

9 

8 

c 

.02836.1849 

22.54 

-2.22800.00 

A03187 

10 

8 

c 

.0302  .1716 

23.81 

4.13800.00 

A03187 

11 

8 

c 

.02865*9877 

21.91 

-6.67800.00 

A03187 

12 

8 

e 

.02116.07*7 

16.51 

-3.49800.00 

A03187 

13 

6 

€ 

.0300  .3092 

22.86 

7.30800.00 

A03IB7 

14 

8 

c 

.0215  ,0555 

17.14 

.95800.00 

A03187 

15 

8 

c 

.02026.0041 

15.56 

-4. 44800.00 

A03187 

16 

8 

c 

.0365  .1419 

28,89 

4.13800,00 

A031S7 

17 

8 

c 

.03096.0631 

24.13 

-5.40800.00 

A03187 

1» 

8 

c 

.04416.2472 

35.24 

-1.27*00.00 

A03187 

19 

6 

c 

.00841.4289 

.95 

6.67800,00 

A03187 

20 

B 

c 

.0110  ,4475 

7,94 

3.81800.00 

A03187 

21 

8 

c 

.02105.3635 

10.16-13.33800.00 

A03187 

22 

8 

c 

.0297  .1476 

23.49 

3.49800.00 

A03187 

23 

8 

c 

.02306.2315 

18.41 

-.95800,00 

A03187 

24 

8 

c 

.02926.0778 

22.86 

-4.76800.00 

A03187 

25 

8 

c 

.0309  .2640 

23.49 

6.35800.00 

A03187 

26 

8 

c 

.0278  .0000 

22,22 

.00800.00 

A03187 

27 

8 

c 

.02815.9971 

21.59 

-6.35SOC.OO 

A03187 

28 

6 

c 

.0275  .2625 

21,27 

5.71800,00 

A03187 

29 

8 

c 

.02986.2299 

23,81 

-1.27800.00 

A03187 

30 

8 

c 

.03316.1751 

26.35 

-2. 86800, 00 

AQ3187 

31 

8 

c 

.0280  .2141 

21.91 

4.76800.00 

A03I87 

32 

8 

c 

.0323  .0984 

25.72 

2.54800.00 

A03187 

33 

B 

c 

.03186.0564 

24.76 

-5.71800.00 

A03I87 

34 

8 

c 

.0444  .1886 

34.92 

6.67800,00 

97 


S  j  3  S  .9 

0?  y  w|i  3  6  x  Y  RANGE 

?  *  *  r  i  I  Al  fS  f4*!  t  — "■  y  r  n  *  '  1  kf— 1 ir— — 1 1!  '■  ■  \ 

*0313?  35  8  C  .0382  .2148  29.84  fc.678CC.00 

*03187  36  S  C  .0434  .0915  34.61  3.17800.00 

*0318?  1C  C  .0275  .4314  20.00  9. 21600. CO 

*03187  2  C  C  >01201.6705  -.95  5.52800.00 

*03197  3  C  C  . 01745. 012fc  4.13-13.33600.00 

*03187  4  C  C  .0371  ,3726  27.62  1C. 79800. 00 

*03187  5  C  C  .0268  .2090  20.95  4.44800.00 

A0318-*  6  C  C  .03556.0003  27.30  -7.948C0.Q0 

*03187  7  C  C  .0300  .'814  21.27  11.11800.00 

*03187  8  C  C  .0230  .0345  18.41  ,63800,00 

*03187  9  C  C  ,02545*8475  18.41  -8.57800,00 

*03187  10  C  C  .0263  .4366  19. C5  8.89800.00 

*0318?  11  C  C  .02546,2519  20.32  -.63800.00 

403187  12  C  C  .02885,7949  20.32-10.79800,00 

*03187  13  C  C  *0309  .5096  21.59  12,06800.00 

*93187  14  C  C  .02706.2538  21.39  -.63800,00 

*0318?  15  C  C  .02456.0382  19.05  -4.76800,00 

*0318?  16  C  C  .0466  ,3568  34.92  13.02800.00 

*0318?  17  C  C  .0311  .3379  23.49  8. 25800.00 

*0318?  18  C  C  .03776.2411  30.16  -1.27600.00 

*0318?  19  C  .0186  .3459  9.84  11.11800. 00 

*0318?  20  C  C  .04146.1291  32.70  -S.C88C0.0C 

*0313?  21  C  C  .03185.8028  22.54-U.756G0.00 

*03187  22  C  C  .0504  .0315  4C.32  1.278CC.00 

*0318?  23  C  C  .0366  .0651  25.21  1.9C80C.00 

*03187  24  C  C  .04325.9771  31. 75-13. 65800. 00 

*03187  25  C  C  .0279  .393?  2C.64  8.57800.00 

*0318?  26  C  C  .0298  .0167  23.81  .63800.00 

*03187  2?  C  C  .03465.8452  25.CS-ll.758G0.C0 

*03187  28  C  C  .0323  .3256  24.45  8.256C0.0C 

*03187  29  C  C  ,0?696. 1350  21.27  -3.17800.00 

*03187  30  C  C  .03456.1314  26.99  -4.13800.00 

*03187  31  C  C  .0241  .2330  18.73  4.44800.00 

*0318?  32  C  C  .02236.2119  17.78  -1.27800.00 

*0318?  33  C  C  .03176.0686  24.76  -5.4C60C.00 

*0318?  34  C  C  .0312  .1275  24.76  3.178CO.OO 

*0318?  35  C  C  .0310  .0126  24.76  .32800.00 

*0318?  36  t  C  .03726.1869  29.5?  -2.86800.00 

*0318?  1  A  X  C  .0163  .7165  9,84  6.57300.00 

*0318?  2  A  X  C  .0C67  .0000  5.40  .CC800.00 

•03187  3  *  X  C  .01235,4976  6.98  -fc.988C0.00 

*0318?  4  A  X  C  .0349  .2643  26.99  7.30800,00 

*03187  5  A  X  C  .02866.2139  22.86  -1.59800.00 

*0318?  6  A  X  C  .0355  .1008  28. ?6  2.86860.00 

*03187  7  *  X  C  .0250  .4424  18.10  8.37800.00 

*0318?  8  A  X  C  .02156.2092  17.14  -1.27800.00 

*0318?  9  *  X  C  .02375.8871  17.46  -7. 30603.00 

*03187  10  *  X  C  .0307  .4405  22.22  1C. 48600. 00 

*03187  U  *  X  C  .0275  .1889  21.59  4.13800.0G 

*03187  12  *  X  C  .03076.1010  24.13  -4. 44300. 00 

*03187  13  A  X  C  .0201  .4283  14.60  6.67800.00 

*0318?  14  A  X  C  .01616.1099  12.70  -2. 22800.00 

*03187  15  *  X  C  .02385.8345  17.14  -8.25800.00 

A031ST  16  *  X  C  .0387  ,1129  30.80  3.49800.00 

*03187  17  *  X  C  .0409  .0194  32.70  .63800.00 

*03187  18  *  X  C  ,05046.0287  39. 05-1C. 16800.00 
*03187  19  A  X  C  .0188  .7407  11.11  10.16800.00 

*03187  20  A  X  C  .0118  .3430  8.89  3.17805.00 

*03187  21  A  X  C  .01655.3271  7.62-10.75800.00 

*03187  22  A  X  C  .0102  .4636  21,59  10.79800.00 

*03187  23  *  X  C  .02286.1610  18.10  -2.22800.00 
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U  M  S* 
fS  i*» 

2*  A  X 

a 

u* 

s 

* 

9  v 

X  Y  RANGE 

*03187 

rt 

c 

*. 03695. 650^ 

23.81-17. 46800.00 

*03187 

25 

A 

X 

c 

.0218  .5779 

14.60  9.52800.00 

*03187 

26 

A 

X 

c 

.01796.0597 

13.9?  -3. 17800.00 

*03187 

27 

A 

X 

c 

.02705.654* 

17.46-12.708C0.00 

*03137 

28 

A 

X 

c 

.0295  .4757 

2C.95  10.79800.00 

*03137 

29 

A 

X 

c 

.02306.2487 

18.41  -.63800.00 

*03137 

30 

A 

X 

c 

.03235.6815 

21.27-14.60800.00 

*03137 

31 

A 

X 

c 

.0204  .4636 

14.60  7.30800.00 

*03187 

32 

A 

X 

c 

.02246.1764 

17.78  -1. 90600.00 

*03187 

33 

* 

X 

c 

.02175.6800 

1* .29  -9.848CC.00 

*03187 

34 

A 

X 

c 

.0381  .1463 

3C.16  4.4*800.00 

*03187 

25 

* 

X 

c 

.0314  .0758 

25.08  1.90800.00 

*03187 

36 

A 

X 

r 

.03155.9893 

24.13  -7. 30800. 00 

*03187 

1 

B 

X 

c 

.0166  .5814 

11.11  7.3C8CC.00 

*03187 

2 

B 

X 

£ 

.01286.0006 

9.84  -2. 86800,00 

*03187 

3 

B 

X 

c 

.01175.9722 

£.89  -2.86800.00 

*03187 

4 

C 

X 

£ 

.0282  .2416 

21.91  5.4C8CG.00 

*03187 

5 

B 

X 

c 

.0294  .2876 

22.54  fc.678CC.00 

*03187 

6 

8 

X 

£ 

.03056.1266 

24.13  -3.81800,00 

*03187 

7 

B 

X 

c 

.0258  .0154 

20.64  .32800.00 

*03187 

8 

S 

X 

c 

.02186.2650 

17.46  -.32800.00 

*03187 

9 

B 

X 

c 

.02645.9614 

2C.00  -6.67800. 00 

*03187 

10 

B 

X 

c 

.0222  .3274 

16.83  5.71800.00 

*03187 

n 

B 

X 

c 

.0222  .0000 

17.78  .00800.00 

*03187 

12 

B 

X 

c 

.02066.2640 

16.51  -.32800.00 

*03187 

13 

B 

X 

£ 

.0163  .4528 

11,75  5. 71800.00 

*03187 

14 

B 

X 

c 

.01936.0332 

14*92  -3.81SOO.CO 

*03187 

15 

B 

X 

c 

.02376.1152 

18.73  -3.17800.00 

*03187 

16 

B 

X 

c 

.0248  .1124 

19.68  2. 22800.00 

*03187 

17 

B 

X 

c 

.02746.2687 

21,91  -.32800.00 

*03187 

18 

B 

X 

r 

.03586.1272 

28.26  -4.44600,00 

*03187 

to 

3 

X 

£ 

.01232*1499 

-5,40  8.25800.00 

*03187 

20 

B 

X 

c 

.0157  .7854 

8,89  8. 89800.00 

*03187 

21 

B 

X 

c 

.01625.0883 

4.76-12.06800.00 

*03187 

22 

B 

X 

£ 

.0286  .2954 

21,91  6.67800.00 

403187 

23 

B 

X 

c 

.02626.2378 

20.95  -.95800.00 

*03187 

24 

B 

X 

£ 

•02186.0r.49 

16.83  -4. 44800.00 

*03187 

i> 

B 

X 

£ 

.0280  .3173 

21.27  6.988CQ.OO 

*03187 

28 

B 

X 

c 

.02486.1708 

19,68  -2.22800.00 

*03187 

27 

B 

X 

c 

.02696.0597 

20.95  -4.76800.00 

*03187 

28 

8 

X 

£ 

.0332  .3672 

24.76  9.52800,00 

*03187 

29 

B 

X 

c 

.02156.1909 

17.14  -1.59800,00 

*03187 

30 

S 

X 

£ 

.02486.0732 

19.37  -4.13800.00 

*03187 

31 

B 

X 

£ 

.0305  .2765 

23.49  e. 67800.00 

*03187 

32 

B 

X 

c 

.02616.1305 

20.64  -3.17800.00 

*03187 

33 

B 

X 

£ 

.02536.1413 

20,00  -2.868CO.OO 

*03187 

34 

8 

X 

c 

.0455  .2331 

34,92  10.16800,00 

*03187 

35 

8 

X 

c 

•0294  .1762 

23.18  4.13806,00 

*03187 

36 

B 

X 

£ 

.03766.1667 

29.84  -3.49800.00 

*03187 

l 

c 

X 

£ 

.0220  .2362 

17,14  4.13800.00 

*03187 

2 

e 

X 

c 

.00611.7682 

-.95  4.76800.00 

*03187 

3 

c 

X 

c 

.01514.9510 

2.86-11.75800.00 

*03187 

4 

c 

X 

c 

.0332  .1927 

26.03  5.08800.00 

*03187 

5 

c 

X 

£ 

.0294  .2876 

22.54  6.678C0.00 

*03187 

6 

c 

X 

£ 

.03745.9480 

28.26  -9.64800,00 

*03187 

7 

c 

X 

C 

.0296  .3556 

22.22  6.25800.00 

*03187 

8 

£ 

X 

£ 

.01«3  .1651 

15,24  2.54800.00 

*03187 

9 

C 

X 

C 

.03055.7204 

20.64-13,02800.00 

*03187 

10 

e 

X 

c 

.0282  .3753 

20.95  8.25800,00 

*03107 

11 

c 

X 

£ 

.0252  .2221 

19.68  4.44800.00 

*03187 

12 

c 

X 

£ 

.03335.9049 

24,76  -9.84800.00 

93 


•SAMPLE 

dggo 
a  g  S  £ 
u  K  o,  S 

f  f 

X 

Y  RANGE 

i  i 

*  if 

! 

f-f 

i-i  J 

A031S7 

13 

c 

X 

C 

.0300  .2674 

23.18 

6.35800.00 

A 03187 

1* 

c 

X 

c 

.03146.2579 

25.08 

-.67800,00 

A03187 

15 

c 

X 

c 

.02205.9900 

16.83 

-5.CtfSCC.C0 

A03187 

16 

c 

X 

c 

.0457  .5374 

31.43 

18.738CC.00 

A03187 

17 

c 

X 

c 

.0315  .4016 

23.18 

9.84.300.00 

*03187 

18 

c 

X 

c 

.03706.1216 

29,21 

-4.76tC0.C0 

A03I87 

19 

c 

X 

c 

.02631.1342 

8.89 

19.C580C.00 

A03187 

20 

c 

X 

c 

.02915.9787 

22.22 

-6.988CC.C0 

AC3187 

21 

c 

X 

c 

.03105.8884 

22.86 

-9.528CC.00 

*03 167 

22 

c 

X 

c 

.0500  .1194 

39,69 

4.76800.00 

A03187 

23 

c 

X 

c 

.0274  .0145 

21.91 

.328Ct'U00 

A03187 

24 

c 

X 

c 

.03485.8093 

<4.76-12.70801.00 

*03187 

25 

c 

X 

c 

.0236  .3430 

17.78 

6. 35800.00 

*03187 

26 

c 

X 

c 

,01916.2208 

15. :4 

-.95800,00 

A03187 

27 

c 

X 

c 

.02505.5539 

14. 92-13. 33800.00 

A03187 

23 

c 

X 

c 

,0247  .4852 

17.46 

9.21800.00 

A031S7 

29 

c 

X 

c 

.0239  .2007 

18.73 

3.81800.00 

A03187 

30 

c 

X 

c 

.03455.8613 

25.40-10.79800.00 

A03187 

31 

c 

X 

c 

.0196  .2450 

15.24 

3.018CC.CO 

A03137 

32 

c 

X 

c 

,0262  .COCO 

20.95 

•CC8Q0.00 

A03187 

33 

c 

X 

c 

.02245.8037 

15.87 

-8.25200.00 

A03187 

34 

c 

X 

c 

.0202  .0263 

24.13 

•638CC.CC 

A03187 

35 

c 

X 

c 

.0216  .2023 

24.76 

5.C68C0.00 

A03187 

36 

c 

X 

c 

.01966,1015 

15.56 

-2.868C0.00 

A03189 

1 

A 

.00622.4469 

-3.81 

3.17SCC.C0 

A03189 

2 

A 

•00603.0750 

-4.76 

. 32SOC. CO 

*03189 

3 

A 

.00483.1416 

-1.81 

•CC8CC.00 

*03169 

4 

A 

.00443.0509 

-3.49 

.32800.00 

A03189 

5 

A 

.00452.8753 

-3.49 

.95600.00 

A03189 

6 

A 

.00372.9229 

-2.86 

.63800,00 

A03189 

7 

* 

.00392.7234 

-2.86 

1.278CC.00 

A03189 

8 

A 

,00252.8198 

-1.90 

.63800.00 

A03189 

9 

* 

.00292.5536 

-1.90 

1.27800.00 

*03189 

10 

A 

.00402.2143 

-1.90 

2. 54300.00 

*03189 

a 

* 

.00422.2896 

-2.22 

2.548C0.C0 

A03189 

12 

A 

.00432.1588 

-1.90 

2.86800.00 

*03189 

13 

A 

•00461.9196 

-1.27 

3. 49800.00 

*03 189 

14 

* 

.00292.1588 

-1.27 

1.90800.00 

*03189 

IS 

A 

.00222*3562 

-1.27 

1.2 7800, CO 

*03189 

16 

A 

.00163.1416 

-1.27 

.00800.00 

*03189 

17 

A 

.00092.6779 

-.63 

.32800.00 

*03189 

18 

A 

.00291.8491 

-.63 

2.22800. 00 

*03189 

19 

A 

.00361.6815 

-.32 

2,86800.00 

*03109 

20 

A 

.00161.8158 

-.32 

1.27800.00 

*0318$ 

21 

A 

.00401.4711 

.32 

3. 17800. CO 

AQ31S'# 

22 

A 

,00121.3708 

.00 

.95800.00 

403189 

23 

A 

.0604  .0000 

.32 

.CC8C0.C0 

*05189 

24 

A 

.00161.3258 

.32 

1.27800.00 

AOs *35 

25 

A 

.00201.3734 

.32 

1.59800. CO 

*C'M55 

26 

2 

.00531,3440 

.95 

4.13800.00 

A<?3U?S 

il 

A 

.0036  .1107 

2.86 

.32800.00 

*05189 

28 

A 

.0025  .6747 

1.59 

1.27800.00 

*91189 

29 

A 

.0044 

3.17 

1.59800.00 

*03189 

30 

A 

.0050  .4993 

1.49 

1.90800. GO 

*03189 

31 

3 

.0085  .6528 

6,4- 

4. 13800. CO 

*03189 

32 

A 

.00-2  .1651 

5.7| 

.95800.00 

*03189 

33 

A 

*sQ089  .1799 

6.96 

1.27800.00 

*03189 

34 

A 

•0C9A  .1244 

7.62 

.55800,00 

*03189 

15 

A 

.OO.'SS.lAH 

-.63 

.00800.00 

*03189 

36 

A 

.00163. 3866 

-1.27 

-.32800.00 

*03)89 

37 

A 

.00243.1416 

-1,90 

.00800.00 

100 


RANGE 


403139  38 
£03189  39 
£03189  90 
£03109  91 
A031S9  92 
£03185  83 
"•  •> 3 1  3  •  89 
£03189  95 
£01109  ^6 
£03199  97 
A051IS  96 
£03189  89 
£03189  50 
£03189  51 
£03189  52 
£0310?  £3 
£03*95  55 
£03185  55 
Af 3199  50 
£03189  57 
£“3185  58 
AOaiSO  55 
£03139  tC 
£03195  61 
A031B5  62 
£03189  £3 
£03189 
£03189  65 
£03189  86 
£03185  hi 
AG3189  68 
£03165  69 
*03139  70 
£03139  71 
£03163  72 
£03109  73 
£03185  74 
£03189  75 
£03185  76 
£03189  77 
*03169  73 
£03189  79 
£03159  SO 
£03190  1 

£03190  2 

£03190  3 

£03190  4 

£03190  5 

£03130  6 

£07190  7 

£03190  8- 

603190  9 

AOaiOu  10 
£02190  11 
£03190  12 
403X50  13 
£03190  18 
£03130  15 
£fi41«Cl  16 
*03190  11 
*03190  18 


*00323.2655  ■ 
,00*03.281;  ■ 
.00094.28-9? 
.00133.8631 
,OC  163 .6*252 
,CC*„;,8fc3’ 
.3*  303. 586* 

,02253.8163 

.00322.6607 

,*  ■,*=  -  ^  t  «  2 

*  v  M  *  ^5  l  • 

,00813.688? 

nf  a****? 
.00883. 9632 
,0C8j-*»}l!  2 
.00394.2982 
.00533.878* 
.00563.82?? 
.00853.5221 
.01183.?2«6 
.00698. 17?C 
.00714.288? 
.00988. 2259 


,  3ZECG.Cn 
.  32  ECC. C“ 
,62900. Cv 
.  22 SCC. C" 


-.tseci.co 

-.5S60C.C0 
- 1 .  C-68CC.  CO 
-1,2 7 SOC. 00 
- i  *27800.  Ct* 
-I.58S0C.ee* 
-1.55000. 00 
-2.22eCO.CO 
-2,58«ce.c: 
-2. e-sco. c; 


£ 

.00804.5635 

-.95 

£ 

.0C8G9.fc.l2? 

-.63 

A 

.CC638.7128 

.CO 

£ 

-.00754. 7128 

.00 

£ 

.00608*3885 

.63 

£ 

.0C848.303C 

.12 

A 

.00288.3543 

.32 

4 

.00208.909? 

ft 

.00135.0381 

.12 

a 

.0C1S5.176C 

.61 

£ 

.0C175.8973 

.95 

i 

.OC395.1306 

*  *  *  * 

*8 

,00454.5744 

4  ^ 

.00584.8775 
.0C86*,956l 
.0C955.C073 
.00895.2751 
.00665  ,55  *.4 
.00686*92*4 
,ara*5.iaS2 


-i.rtecc.cp 

-2.P68CC.CC* 

-2.866CC.00 

-7.58SeO.CC* 

-a.cseec.oo 

-4.76sCC.0C 

-5.Ca6CC.CC 

-t.£7tcc.ec 
-6.35E0C.eC- 
-6. 358CC.CG 
-5.0cf00.00 
-6.C2fi0C.C0 
-4.76fce.00 
-3.85BCC.eO 
-2.22SCO.ee 
-i.59fec.ee 

-.55eoc.ce 

-I, 27ECC.CC 
-.5S8G0.C0 
-z.efticc-c-*-’- 

-l.45E00.ee 
-2.fl8C0.00 
—t. 67800. 00 
-7.30600.00 
.<  r4*ea. GO 
—3.85800. 00 
- 1.5ftfG0.00 
-.63600.00 


.00872 .2597 

5. 8 CSSC. CO 

,0C482.5A1 f 

-3,4-J 

.63600.00 

.00301,9757 

* 

2 .22800.00 

.OC 121. 5704 

*00 

.95800.00 

•  «5-  *  ***«*  - 

.61600, CC 

.ae!*I.57.38 

,00 

1 .27600.00 

.0C28i.4086 

•  3? 

1.96600.00 

.00281.8215 

.32 

2. 22800.00 

.00201.3734 

.32 

1.55800.00 

,0-0211,1903 

.63 

1.59000.00 

•0C181 • 1071 

,63 

1.27800.00 

.0019  .9828 

.63 

.95600.00 

.0C16  » 285C 

1.27 

.32600.00 

,cei?  .7858 

.55 

.95600.00 

.0020  .9273 

,95 

1.27600.00 

.00231.0304 

.95 

1.592C0. CO 

,0C38  .9505 

1.59 

2*22800,00 

.00371.012? 

1 

2.58600.00 

*  V. 

pM  |s| 

w  J  <5 

s3  u  3  ^ 

a 

X  Y  RANGE 

A0319C  19 

* 

.00761.41*2 

.55  6.03600.00 

A03I9C  20 

« 

.01021.3353 

1.9Q  7.54ECC.OO 

*03190  21 

A 

.00751.2490 

1.50  5.71800.00 

AC3140  22 

* 

.00*4  .91^9 

2.16  2.75B00.00 

A03190  23 

A 

.0035  .6839 

2.16  1.788CC.00 

AQ3150  2* 

A 

.0035  . 4636 

2-5*  1.27800.00 

A0319C  25 

A 

.00371. 1264 

1.27  2. 67800. 00 

A03190  26 

A 

.01051.1818 

3.17  7.75800.00 

AO 3 190  27 

A 

.GC55  .7650 

3.17  3.058CG.00 

A03190  28 

A 

.0053  .6794 

3.30  2*67800.00 

*03180  29 

A 

,0063  .5468 

2.52  1.7E80C.CO 

A03190  30 

A 

.00*7  .1707 

3-68  .63600.00 

A03190  21 

A 

.0051  . 5269 

3. *9  2.C3B0C.00 

A03190  22 

. 

.005*  .5555 

3.68  2.25SCC.0G 

A03190  33 

. 

m 

.0057  .-6267 

1.62  2.67BCC.0C* 

A03196  3* 

jfc 

.0108  .921*. 

5.21  6.86800,00 

AC3190  35 

A 

.0072  .1107 

5.71  .63BCU.OO 

A03190  36 

A 

•OCS?  .0000 

4.57  .CC9CC.OO 

403190  27 

A 

.000*4.2*87 

- .13  -.26800.00 

AO 3 190  33 

ft 

pi 

.00103.8163 

-.63  -.51800.00 

*03190  39 

A 

.0008*. 0685 

-.38  -.51800.00 

*03190  AO 

A 

.OCli4.2*B7 

-.33  -.76800.00 

*03190  *1 

» 

.00084.5150 

-.13  -.63900.00 

*03190  *2 

A 

.00353.48*6 

-2.67  -.95900.00 

*03190  A3 

A 

.00313.9270 

-1.78  -i. 78800. 00 

*03190  A* 

A 

.00284.5986 

-.25  -2. 22iCG.OO 

*03190  *5 

* 

.00304.6593 

-.13  -2.418CC.00 

403190  A6 

A 

.00334.6886 

-.06  -2.67800.00 

*03190  A7 

A 

.00354.6670 

-.13  -2.79SC0.C0 

*03190  AS 

A 

.CC 394. 507 C 

-.63  -3.C5CCC.00 

*03190  *9 

A 

.00464.3255 

-1.40  -3.438C0.00 

*03190  50 

A 

.00704*4263 

-1.59  -5.40S0C.00 

*03190  51 

A 

.00883.7671 

-5.71  -4.1380C.CC 

*03190  52 

A 

.32  .00800. CO 

*03190  53 

A 

•0C1.'6<  0332 

1.02  -.25800.00 

*03190  5* 

.00145.6952 

.95  -.63800.00 

*03190  55 

£ 

m 

.20215. 7165 

1.40  -.89800.00 

*03190  56 

A 

.00275.2023 

1.02  -1.9C8C0.00 

*03190  57 

* 

.00364 . *u 1 0 

.25  -2.86800,0' 

*03190  58 

A 

.00374.8421 

.33  -2.92800  v 

*03190  59 

A 

.00345.0929 

1.02  -2.54iCf  CO 

*03190  60 

A 

.00355.8195 

2.54  -1.278CC.cO 

*03190  61 

A 

.00325.3756 

1.59  -2,03800,00 

*03190  62 

A 

.00414.9479 

.76  -3.17800.00 

103190  63 

£ 

.00435.0109 

1.02  -3. 30800.00 

*03190  6A 

* 

.00465.0993 

1.40  -3.438C0.00 

*G3’90  65 

A 

.00405.4837 

2.22  -2.29800,00 

*03190  66 

A 

.00355.8195 

2.5*  -1.2780C.CC 

*03190  67 

A 

.00355.9614 

2.67  -.89800.00 

*03190  69 

£ 

.00376. 1964 

2.92  —.25800.00 

*03190  69 

i 

.00545.1366 

1.78  -3.4*800.00 

*03190  70 

A 

.00595,0680 

1.65  -*.**800,00 

*03190  U 

A 

.00275.6625 

1.78  -1,27*00.00 

*03190  72 

A 

.00755.8482 

*.83  -3.56800.00 

*03190  73 

A 

.00875.7*59 

5.47  -3.568C0.00 

*03190  74 

A 

.00975.1323 

1.17  -7.11800.00 

*03190  75 

A 

.01024.9630 

2.03  -7.9f8C0.00 

*03190  76 

A 

.01064.9245 

1.78  -8.258C0.00 

*03190  77 

A 

.00914. «J346 

.89  -7.2*800.00 

*03190  7§ 

£ 

** 

.00844.8543 

.85  -6.67800,00 

*02190  79 

A 

. 0128*. §12i 

1.02-lC.16f00.00 

SOS!5*! 

48 

A 

*00715.8195 

5-08 

-2.54SOC.C0 

Aosm 

49 

A 

.00825.7761 

s.n 

-3.178CQ.C0 

£03191 

70 

4 

.00565.2528 

2  .29 

-3.S13CC.C0 

403191 

n 

A 

.0070*. 7351 

1 1 
•  »  a* 

-5.54S0O.0O 

aoam 

72 

£ 

*00635.0975 

1.90 

-4.7CSCO.C0 

so3i=n 

73 

• 

.00814.8505 

1.1* 

-fc.35eCO.CC 

A03191 

74 

A 

»0C765«05*C 

2.03 

-5. 71 SCO. OO 

A03191 

75 

A 

.00635.2528 

3.43 

-5.71SOO.CO 

AG 3191 

76 

4 

.01095.4875 

6.10 

-fc, 22SC0.OO 

A03I91 

77 

A 

.00915*0896 

2.67 

-fc.73SCO.0O 

A03191 

78 

A 

.01CS4.9502 

2  .03 

-S.3S8CC.CO 

A033L91 

79 

A 

.01124.9402 

2.03 

-8. 7*800.00 

403151 

80 

f 

.01224.7254 

.13 

-9^78800.00 

403192 

1 

A 

.00441 .5687 

-.06 

3*56600.00 

403192 

2 

A 

.OC401.I235 

-.51 

3. 17 SCO. CO 

403192 

3 

A 

.00321.6201 

-.13 

2.548OO.C0 

403192 

4 

A 

.00211.6092 

-.06 

I.  65  6-30.  CO 

403*92 

5 

4 

•00092**112 

-.18 

.63806,00 

403192 

6 

A 

.00282*2361 

-1.40 

1.78300.00 

403192 

7 

A 

.0C252.O626 

-.95 

1.78600.03 

403192 

8 

A 

.00221.9380 

-.63 

1.6580", CO 

403192 

9 

A 

.00202. 3562 

-1.14 

1.1480- .CO 

&0319Z 

10 

A 

.00252.4669 

-1.59 

1.27800. CO 

403192 

11 

* 

m 

.60232.4469 

-1.52 

1.27800.00 

403192 

12 

A 

.00281. 570b 

•  UU 

2. 22800.00 

403192 

13 

A 

.00241. 5042 

*13 

1.5C8C0.C0 

403192 

14 

A 

.0-3191.5292 

•05 

1.52600.00 

403192 

15 

4 

.00191.3939 

.25 

1.40800. CO 

403192 

16 

A 

.0010  .8961 

.51 

.63800.00 

403192 

It 

A 

.00141.1071 

.51 

I. 02800.00 

403192 

IS 

A 

.00301.4400 

• 

2.41800.00 

403192 

19 

A 

.00351.4353 

.38 

2.79800.00 

403192 

20 

A 

.003*1.3949 

.51 

2,86800. CO 

405192 

21 

A 

,00361. 3C45 

.7* 

2.  7980-O.  CO 

403192 

22 

A 

.00271.2679 

.63 

2. 03 SCO. CO 

403192 

23 

A 

.00571.0304 

.76 

1.278mv.C0 

403192 

24 

4 

.0013  .2450 

1.02 

.25800.00 

403192 

25 

4 

.0015  .2181 

1.14 

.25800.00 

403192 

26 

A 

.0019  .*947 

1.14 

.95600.00 

403192 

27 

A 

.00241.0015 

1.02 

1.59800.00 

4Q3192 

20 

A 

.00261.1342 

.89 

1,90800.00 

403192 

29 

A 

.00281. 0304 

1.1* 

1.50300.00 

403192 

30 

A 

,00281.1584 

.89 

2.03800.00 

403192 

31 

A 

.00291.1553 

.95 

2,16800.00 

403192 

32 

A 

.00311.1740 

.95 

2.29800.00 

*03192 

33 

4 

.00461.0304 

1  *  -  C 

3,17800.00 

403192 

34 

4 

.0039  ,9602 

1.78 

2,54300.00 

403192 

35 

4 

,0036  .9889 

1.59 

2.41800. CO 

403192 

36 

4 

.0037  .9351 

1.78 

2.41800.00 

403192 

37 

A 

,00-41  .8961 

2.03 

2.54800.00 

*03192 

31 

4 

*0042  .8124 

2.29 

2,41600,00 

403192 

39 

A 

,0030  -6327 

1.90 

1.40100.00 

*03192 

*0 

A 

.0035  ,6070 

2.29 

I.598CC.00 

*03192 

*1 

A 

.0042  .7188 

2.54 

2,22300,00 
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603192 

42 

* 

•  OCSZ”  .9151  2.5*' 

403192 

43 

4 

.0037  .4444  1.67 

1 .27800. CC 

403192 

4* 

* 

•0C35  .3218  2.67 

.85300.00 

403192 

45 

* 

•CC3S  .3152  2.92 

*45^0^*00 

403192 

95 

4 

.0CS1  .3805  3.81 

1.52800.00 

403192 

47 

4 

»0C5a  .91)83  4.C6 

2.16800*00 

403192 

48 

4 

.OCfcl  .264C  4.70 

1 .278CC.CC 

403192 

49 

4 

.0048  .0997  2.81 

403*92 

SO 

4 

.OCSfe  .0285  4.44 

.13800.00 

403192 

**i 

4 

.00193.1971  -1.19 

-.ctecc.ce 

*03152 

52 

t 

.00133. 9270  -.76 

-.7tiCC.CC 

403192 

53 

& 

.00253.8363  —1.52 

-1.2  .*600.00 

403192 

S* 

* 

.00264.3319  -.76 

403192 

55 

* 

.00334.2053  -1.27 

-2.29800.00 

403192 

56 

» 

.00314.2942  -1.02 

-2.298GC.CO 

403192 

57 

ft 

.09424.4656  —.76 

—3, 30800*00 

403192 

56 

a 

.00384.6707  -.13 

-2.05805.00 

403192 

59 

* 

.00115.4978  .63 

— .t3ECC,C0 

403192 

60 

* 

.00125.4071  .63 

-.76800.00 

403192 

61 

4 

.00155.6084  .95 

-.76800.00 

403192 

62 

A 

.00134.9786  .38 

-1. 40800.00 

403192 

*3 

4 

.00324.7124  .00 

-2. 54800. CC 

403192 

6* 

A 

.00404.7124  .00 

—3.17800.00 

403192 

65 

* 

.00264.8977  .39 

-2,03800,00 

403192 

66 

£ 

.00255.0341  .63 

-1,50600.00 

403192 

67 

ft 

.CC275.2C23  1.02 

-1. 9C6CC-CO 

403192 

66 

n 

.00245.5*54  7-40 

-1,27800.00 

403192 

69 

4 

.00265.4340  i .90 

-1.39800,00 

403192 

70 

4 

.00285.9978  7.65 

-1. 45800.ee 

403192 

71 

4 

.0032  .0000  2.5* 

.€0800. 00 

403192 

72 

* 

.00296.1180  2.29 

-.38800.00 

403192 

73 

A 

.00275.7932  1.50 

-l.c2too.ee 

403192 

74 

A 

.00295.7708  2 .03 

-I.l9200.ee 

403192 

75 

* 

.00415.3871  2.03 

-2.548C0.C0 

403192 

76 

A 

.00945.4210  2-29 

-2.676CO.CO 

403192 

77 

* 

.00335.8847  2.41 

-1. C2Soc.eo 

403192 

78 

A 

.00345.7987  2.41 

-i.27eeo.ee* 

403192 

79 

A 

.00385.8007  2.67 

_ ft  a.apft  .ft 

—  1  ,  —  V  CUilftftftl 

403192 

80 

A 

.00542.4805  -2.43 

2.67800. CO 

403193 

9 

4 

A 

.30401.6902  -.38 

3.17800.00 

403193 

« 

4 

A 

.00722.6367  -5.03 

2,79800.00 

403193 

2 

* 

.00261.1158  -.51 

2.C38CO.CO 

*03193 

2 

A 

.00592.6058  -4.06 

2.41800.00 

403193 

3 

A 

,00262.1421  -1.14 

1.78800. CO 

403193 

3 

A 

.00497-8810  -3.81 

1.02800.00 

*03193 

4 

A 

.00231.7475  -.32 

l. 768CO.CO 

*03193 

4 

* 

.00482.7367  -3.56 

1.52800.00- 

*03193 

5 

A 

.002*2,1225  -1.02 

I. 65800.00 

*03193 

5 

* 

.00402.4117  -2.41 

2.16800.00 

403193 

6 

* 

.00232.0113  -.89 

1.55800.00 

*03193 

6 

* 

.00392.0344  -1.40 

2.79800. CO 

*03193 

7 

A 

.00201. §15*  -.31 

1.52800.00 

*03193 

7 

A 

.00381.9591  -1.14 

2.79800.00 

*03193 

§ 

A 

.00181.6615  -.13 

1,40800.00 

*03193 

i 

A 

.00351.9138  -.91 

2.67800.00 

*03193 

9 

A 

.00172.3562  -.91 

•9Sso6.ee 

*03193 

9 

A 

.00291.7359  -.38 

2.25SOO.OO 

*03193 

10 

A 

.00142,0344  -.51 

ift026oc.ee 

*03193 

10 

A 

.00251.5332  -.13 

2.03800,00 

*03193 

u 

A 

.00373.0119  -2.52 

.38800.00 

*03193 

ii 

A 

.00262.3994  -1.52 

1.9080-3.00 
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i  _  i 

! - 1 

r**n  n  r*i 

r— » 
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ll  : 

403.19  3 

12 

A 

.01212.33!. 

-1.59 

.51800.00 

AG3193 

12 

A 

.00212. 0344 

-.76 

1,52800.00 

403193 

13 

A 

.0CQ9.2 .6779 

-.63 

. JZbOG.CO 

A03193 

13 

A 

.GC182.0344 

-  .63 

1.27800.00 

AG3193 

14 

A 

•  0CG62  *  158-0 

-.25 

.3C8CGjOO 

A03193 

14 

A 

•GC252.536C 

-1.65 

1  •  1 4  0CC»  CO 

403193 

15 

A 

.00232.9645 

-1.78 

.??ecc.c'j 

AO  3 19  3 

15 

A 

.OC322.bV;-? 

-  ftttGC.GO 

A03193 

16 

A 

.0C192.9764 

-i  .52 

.258CC.C0 

A03193 

16 

A 

.02232.9305 

-1.78 

.3880C.C0 

AO  3 193 

17 

A 

.0f:)22.  3562 

-.13 

.13800.00 

AO  3 19 3 

17 

A 

.0.  12. 7367 

-  .89 

.38PCC.C0 

A03193 

18 

A 

.00033.1416 

-.25 

. CC8CC. CO 

A03193 

18 

A 

.00053.1416 

-.38 

•CC8QQ.C0 

A03193 

19 

A 

.OCOh  .4636 

.25 

.13800.00 

A03193 

19 

A 

•GC01  .OCOC 

.06 

.ocecg.co 

A03193 

20 

A 

.00101.2490 

.25 

.76800. CO 

A03193 

20 

A 

.0006  .7854 

.32 

.32800.00 

A03193 

21 

A 

.00161.4711 

.13 

1. 27800. CG 

A03193 

21 

A 

•OCG6  .6435 

.51 

.38800.00 

A03193 

22 

A 

.00261.4464 

.25 

2.03800.00 

A03193 

22 

A 

.OC 181. 3473 

.32 

1 .40800. 00 

A03193 

23 

A 

.00281.4289 

.32 

2.22800.00 

A03193 

23 

A 

.00131.0808 

.51 

.95eCC.CG 

A03193 

24 

A 

.QC301.4659 

.25 

2. 41800. CO 

A03193 

24 

A 

.0C11  .7854 

.63 

.63800.00 

A03193 

25 

A 

.00331 . 5232 

.13 

2.67800.00 

A03193 

25 

A 

.0025  .8761 

1.27 

1.526CC.CO 

A03193 

26 

A 

.00361.5264 

.13 

2,86800.00 

A03193 

26 

A 

.0019  .5404 

1.27 

.76800.00 

4031*3 

27 

A 

.0008  .1974 

.63 

,13800,00 

A03193 

27 

A 

.0019  .4266 

1.40 

.63e0C.00 

A03193 

28 

A 

•0C10  .3948 

.76 

,32ecc.oo 

A03193 

28 

A 

.0013  .0624 

1 .02 

.06800,00 

A03193 

29 

A 

.0017  .8520 

.89 

1.C26C0.C0 

A03193 

29 

4 

.OC 22  .4475 

1.59 

.76800.00 

A03193 

30 

4 

.00261.1903 

.76 

1.SC800.00 

A03..93 

30 

4 

.0030  .5586 

2.03 

1.27800.00 

403193 

31 

A 

.00351,2925 

.76 

2.67800.00 

403193 

31 

A 

.0032  .5743 

2.16 

1.4CBOC.OC 

*03K3 

32 

A 

.0015  .2709 

1.14 

.32800.00 

603193 

32 

A 

.0033  .5071 

2.29 

1,27800.00 

403193 

33 

A 

.0019  .3488 

i  .40 

.51800.00 

A03193 

33 

4 

.0035  .6070 

2,29 

1 .58800. CO 

*03193 

34 

A 

.0026  .5191 

1.78 

1 .02800. 00 

403193 

34 

A 

.0042  .8520 

2.22 

2.54800.00 

A03193 

35 

A 

.0027  .4900 

1.90 

1.C28G0.00 

A03193 

35 

A 

.0048  .9273 

2.29 

3.C580C.C0 

403193 

36 

A 

.0032  .6435 

2.C3 

1.52800.00 

403193 

36 

4 

.0043  .6288 

2.79 

2 .03800.00 

A03193 

37 

4 

.0035  .8819 

1.76 

2.168CG.C0 

403193 

37 

4 

.0047  .6163 

3.05 

2.1680C.C0 

403193 

38 

4 

.0025  .0624 

2,03 

.13800.00 

403193 

38 

4 

.0038  .2954 

2.92 

.89800.00 

403193 

39 

A 

.0027  .0000 

2.16 

•CC8CO.OO 

403193 

39 

A 

.0047  .3805 

3.49 

1.4C800. 00 

403193 

40 

A 

,0028  .0571 

2.22 

.13800.00 

403193 

40 

A 

.00433.1786 

-3.43 

-.13800.00 

403193 

41 

A 

.0029  .2187 

2,29 

.51900.00 

403193 

41 

4 

.00213.3316 

-1.65 

-.32800.00 

403193 

42 

A 

.0033  .0476 

2.67 

.13800.00 
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A03193 

42 

A 

.0C143.5004 

-1.02 

-.38600.00 

AQ3193 

43 

A 

.00  36  .0208 

3. 05 

. Cfc  PCC. CO 

403193 

43 

A 

.00044.2487 

-.13 

- . 2C  PCC. CO 

403193 

44 

A 

.0040  .3029 

3.05 

. 55HC0. CO 

AO  )  193 

44 

A 

.00074.4674 

-.13 

-.51800.00 

403; 9  » 

45 

A 

.0056  .6435 

2.46 

2  .67SCC.ro 

403193 

45 

A 

.00273.5004 

-2.03 

-.76600.00 

40  3 1  m3 

46 

A 

.0044  .0000 

3.56 

. CCPGG. CO 

403192 

4  b 

A 

.0C23j.574C 

-1.65 

-. 7 6 HOC. 00 

4031 33 

47 

A 

.0048  .1326 

3.61 

.51SCC.CC 

403193 

47 

A 

.00163.6487 

-1.14 

-.638CC.OO 

403193 

48 

A 

.0052  .3410 

2.94 

1.4G8CC.GC 

403193 

48 

A 

.00114.1843 

-  .44 

-.76SCC.C0 

403193 

49 

A 

.0055  .5281 

2.61 

2.228CG.C0 

403193 

49 

A 

.00253.8163 

-1.55 

-1 .276CO.CO 

403193 

50 

A 

.0059  .1343 

4.70 

.63800.00 

403193 

50 

A 

.00194.0177 

-.55 

-1.148CC.C0 

403193 

51 

A 

.00163.2412 

-1.27 

-.13600.00 

403193 

51 

A 

.00134 . 3906 

-.2? 

-.55SCG.C0 

403193 

52 

A 

.00113.1416 

-.89 

,coecc.co 

403193 

52 

4 

.00443.7494 

-2.52 

-2.C36CC.CO 

403193 

53 

A 

.00103.8162 

-.63 

-.51800. CO 

403193 

53 

A 

.00244.6456 

-.13 

-l.5C6CG.C0 

403193 

54 

4 

.00054.3906 

-.13 

-.38800. CO 

A03193 

54 

6 

.00543.8436 

-2.30 

-2.75600,00 

403193 

55 

4 

.00423.4513 

-2.17 

-1.c2eco.cc 

40319?. 

55 

A 

.00473.8794 

-2.79 

-2. 54800. 00 

403193 

5b 

A 

.00104.5472 

-.13 

-.76800.00 

403193 

56 

A 

.00344.5242 

-.51 

~2.67SCG.GO 

403193 

57 

A 

.00184.2487 

-  .63 

-1.278CQ.OO 

403193 

57 

* 

.00664.0977 

-3.05 

-4.3?eoc.oo 

403193 

58 

A 

.00184.4885 

-.32 

-l.4CfiC0.0u 

403193 

58 

A 

.00494.3089 

.38 

-3.548CC.00 

403193 

59 

A 

.00194.6292 

-.13 

-1.52SCC.C0 

403193 

59 

4 

.00134.9574 

.25 

-1.C26CO.OO 

403193 

60 

A 

.00503.9158 

-2.8t 

-2. 79800. CO 

403193 

60 

A 

.00076.0382 

.51 

-.13SCC.C0 

403193 

61 

A 

.00334.4205 

-.76 

-2.54BC0.C0 

40319? 

61 

A 

.00175.0929 

.51 

-1. 27800.00 

A03193 

62 

fa 

.00534.1822 

-2.16 

-3.688CC.C0 

403193 

62 

A 

.00414.9854 

.69 

-■>.1  reoo.co 

403193 

63 

A 

.0001 5.497S 

.06 

-.268CC.00 

403193 

63 

A 

.00375.1568 

1.27 

-2,67800.00 

A03193 

64 

A 

.00256.2519 

2.0  3 

-.06800.00 

403193 

64 

A 

.00165.1306 

.51 

-1.148CC.00 

403193 

65 

A 

.00496.2671 

3.54 

-.C66C0.0C 

403193 

65 

4 

.00125,5884 

.76 

-.63800.00 

403193 

66 

4 

.00155.9614 

5.14 

-.38800. CO 

403193 

66 

& 

♦  OC  l4 j.6952 

.95 

-.63800.00 

403193 

67 

4 

.00206.0855 

1.59 

-.32600.00 

403193 

67 

A 

.00115.8:95 

.76 

-.38P.C0.00 

403193 

68 

A 

.00276.1372 

2.16 

-.32600. CO 

403193 

68 

a 

.00166.1635 

1.27 

-.  130CC.OO 

403193 

69 

V 

.00546.2244 

4.32 

-.25800.00 

403193 

69 

fa 

.00226.2119 

1.78 

-.13800.00 

403193 

70 

A 

.00106.0341 

.25 

-.76800.00 

403193 

70 

4 

.00205.7638 

1.40 

-.76600.00 

403193 

71 

4 

.00245.8783 

1.70 

-.768CC.00 

403193 

71 

4 

,00225.8357 

1.59 

-.76800.00 

403193 

72 

A 

.00395.9484 

2.92 

-1.C2S00.00 

403193 

72 

A 

.00235.7428 

1.59 

-.55600.00 
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A03193 

r-H  rS  h 

73 

4 

•00199.9 178* 

- - ir 

.32 

-l.528CG.ee 

A03193 

73 

A 

•00215.5509 

1.27 

-1.1980C.00 

A03193 

7* 

A 

•CC195.139C 

.63 

-i.9cecc.oo 

A03193 

7* 

A 

•0C296.118C 

1.90 

-.32SCC.GG 

A03193 

75 

A 

•CC235.3009 

1.02 

-1.5280C.C0 

A03193 

75 

A 

•0C265.9027 

1.90 

-.76800.00 

AO  3 193 

76 

A 

.00255.6776 

1.65 

-1.198CC.C0 

A03193 

76 

A 

.00276.1372 

2.16 

-. 328CC. 00 

A03193 
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DIRECTIONAL  REFLECTANCE  (pd>  AND  EMITTANCE  U d) 

This  appendix  contains  computer  piots  of  ail  of  the  spectral  directional  reflectance  and  s per- 
trai  eraUtsnce  data  provided  to  AVCO  on  both  the  AVCO  and  SAMSO  proprams.  The  spectral  di¬ 
rectional  reflectance  data  taken  at  £R1M  comprise  the  majority  of  the  data  contained  here;  how¬ 
ever.  the  data  taken  by  other  groups  and  put  into  the  ERAS  format  by  ER1M  is  also  included  In 
the  data  presented.  All  measurements  were  made  at  ambient  room  temperature  unless  other¬ 
wise  specified.  A  description  of  the  ERAS  format  can  be  found  in  Appendix  F  of  this  report. 

The  plots  are  arranged,  two  to  a  page,  with  wavelength  on  the  abscissa  ami  either  the*  per¬ 
cent  reflectance  or  emittance  on  the  ordinate.  Above  each  piot  (starting  from  the  left), 
is  the  sample  number  which  is  a  four -digit  number  preceded  by  ar.  AO.  The  sample  number  is 
followed  by  a  three-digit  number  in  which  the  first  digit  denotes  the  area  being  measured  ami 
the  second  two  digits  indicate  a  change  in  the  measurement  parameter  on  a  particular  area. 

The  sample  and  area  condition  (A/C)  numbers  are  then  followed  by  a  sample  title. 

To  find  a  particular  curve  for  a  particular  sample,  one  may  use  Table  E-l.  Here  the  sample 
number,  area  condition  number,  description  of  the  sample  and  the  quantity  measured  are  sum¬ 
marised.  Additional  measurement  parameters  sill  also  be  found  tabulated  in  this  table. 

When  leaking  at  the  data,  one  may  observe  discontinuities  in  the  data  at  approximately  0.4 
and  1.0  pm.  This  discontinuity  occurs  at  the  point  where  a  change  is  made  in  detectors  an  the 
Beckman  DK-IX.  This  discontinuity  is  small  and  should  not  be  viewed  with  great  concern.  It  ran 
be  used  as  a  measure  of  the  instrument  precision. 

All  of  the  data  shown  will  be  retained  in  the  ERIM  library  and  can  be  obtained  on  request, 
with  approval  of  the  sponsor,  either  in  card  or  magnetic  tape  format. 
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TABLE  B-l.  SUMMARY  OF  p,  DATA  CONTENTS  (Continued) 

d 


Reflectance 


Description 

Sample 

No. 

Area  No. 

Aerojet  2nd  Surface 
Mirror  Array 

3190 

301 

Aerojet  2nd  Surface 
Mirror  Array 

3192 

101 

Aerojet  2nd  Surface 
Mirror  Array 

3192 

201 

Aerojet  2nd  Surface 
Mirror  Array 

3192 

.  301 

Aerojet  2nd  Surface 
Mirror  Array 

3194 

101 

Aerojet  2nd  Surface 
Mirror  Array 

3194 
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TABLE  8-1.  SUMtAKY  OF  p.  DATA  CONTENTS  (Continued) 
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Deacription 

Saap  la 

No. 

Area  No. 

Reflectance 

^d,  or 
Eaittaace 
€d 

Teaperature 
..  (dea) 

3M  Black  Velvet  Paint, 
401-C10 

3212 

102 

cd 

300  K 

3M  Black  Velvet  Paint, 
401-C10 

3212 

103 

Ed 

300  K. 

3M  51ack  Velvet  Paint, 
401-C10 

3212 

104 

Eu 

300  K 

3M  Black  Velvet  Paint, 
401-C10 

3212 

105 

cd 

300  K 

3M  Black  Velvet  Paint, 
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3212 
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Ed 

300  K 

Aerojet  2nd  Surface 
Mirror  Array 

3213 

101 

Ed 

200  K 

Aerojet  2nd  Surface 
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c  d 
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Aerojet  2nd  Surface 
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200  k 
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200  K 
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y”  ■- 
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Ed 

200  K 
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Mirror  Array 
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cd 

200  K 

Aerojet  2nd  Surface 
Mirror  Array 

3213 
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Ed 

200  K 

Aerojet  2nd  Surface 
Mirror  Array 

3213 

108 

Ed 

200  K 

Aerojet  2nd  Surface 
Mirror  Array 

3213 

109 

Ed 

200  K 

Aerojc i  2nd  Surface 
Mirror  Array 

3213 

201 

£d 

373  K 

Aerojet  2nd  Surface 
Mirror  Array 

3213 

202 

Ed 

373  K 

Aerojet  2nd  Surface 
Mirror  Array 

3213 

203 

Ed 

373  K 

Aerojet  2nd  Surface 
Mirror  Array 

3213 

204 

Ed 

373  K. 

Aerojet  2nd  Surface 
Mirror  Array 

3213 

205 

Ed 

373  K 

Aerojet  2nd  Surface 
Mirror  Array 

3213 

206 

Ed 

373  K 

Aerojet  2nd  Surface 
Mirror  Array 

3213 

207 

Ed 

373  K 

Aerojet  2nd  Surface 
Mirror  Array 

3213 

208 

Ed 

373  K. 

Aerojet  2nd  Surface 
Mirror  Array 

3213 

209 

cd 

373  K. 

9 

t 


Aerojet  Solar  Cell 


3214 


101 


200  K 


TABLE  B-l.  SUMMARY  OF  pd  DATA  CONTENTS  (Concluded)' 


Reflectance 
^d,  or 


Description 

Saaflt 

Mo. 

Are*  Mo. 

Eaitpacc* 

Tmpsrature 
_  (dee) 

fr 

e. 

_i 

tr 

Aerojet  Solar  Cell 

3214 

102 

cd 

200  K 

10 

0.0 

Aerojet  Solar  Cell 

3214 

103 

f-d 

200  K 

20 

0.0 

Aerojet  Solar  Cell 

3214 

104 

cd 

200  K 

30 

0.0 

Aerojet  Solar  Cell 

3214 

105 

cd 

200  K 

40 

0.0 

Aerojet  Solar  Cell 

3214 

106 

ed 

200  K 

50 

0.0 

Aerojet  Solar  Cell 

3214 

107 

ed 

200  K 

60 

0.0 

Aerojet  Solar  Cell 

3214 

108 

ed 

200  K 
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0.0 

Aerojet  Solar  Cell 

3214 
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Appendix  C 

DIFFUSE  BIDIRECTIONAL  REFLECTANCE  DATA 

This  appendix  contains  computer  plots  o!  all  the  diffuse  bidirectional  reflectance  data  taken 
during  the  AVCO  and  SAMSG  measurement  programs.  Measurement  Samples  were  classified 
as  being  diffuse  or  specular,  depending  on  the  nature  of  the  reflected  radiation;  however,  the 
diffuse  components  of  reflectance  for  both  classifications  are  reported  herein.  For  sample  ma¬ 
terials  which  exhibit  significant  specularity,  the  data  presented  near  the  specular  position  are 
low  in  value  because  of  the  instrument  resolution  used.  Therefore,  the  data  given  in  Appendix  D 
complements  this  data  by  more  accurately  describing  the  spatial  distribution  and  value  of  re¬ 
flectance  for  the  specular  points.  As  such,  both  data  from  Appendix  C  and  D  should  be  used 
to  describe  those  materials  which  are  specular  in  nature. 

The  computer  plots  of  p*  are  arranged  two  to  a  page  with  the  abscissa  displaying  the  zenith 
angle  of  the  receiver,  9  r,  and  the  ordinate  displaying  the  bidirectional  reflectance,  p',  on  a 
iogrlthmlc  scale.  Above  each  plot  is  the  sample  number — a  four -digit  number  preceded  by  an 
AO.  Following  the  sample  number  is  a  three-digit  number  in  which  the  first  digit  denotes  the 
area  or  cell  being  measured,  while  the  second  ami  thin!  digits  indicate  the  measurement  condition 
(parameters). 

Above  each  graphical  presentation  Is  a  list  of  curve  symbols  and  their  descriptions.  Fol¬ 
lowing  each  curve  symbol,  descriptions  are  given  showing  the  polarization  relationship  of  the 
source  and  receiver.  The  polarization  references  for  the  source  and  receiver  are  defined  by 
planes  containing  the  sample  normal  and  a  central  ray  that  extends  from  the  base  of  the  normal 
to  the  source  and  receiver,  respectively. 

The  symbols  used  to  show  the  polarization  relationship  between  the  E -vector  of  light  and  the 
reference  plane  are; 

(1)  1  -  E -vector  parallel  to  reference  plane 

(2)  i-  -  E-vector  perpendicular  to  reference  plane 

(3)  O  -  Source  energy  unpolarized 

(4)  T  -  Receiver  unpolarized 

The  sequence  of  the  polarization  code  is  to  always  give  first  the  source  and  then  the  receiver 
polarization.  To  illustrate:  a  curve  symbol,  +,  followed  by  a  I,  x,  would  show  that  this  curve 
(marked  *)  has  the  source  polarizer  aligned  such  that  toe  E-vector  passed  by  toe  polarizer  is 
parallel  to  the  reference  plane  while  toe  receiver's  polarizer  is  aligned  so  that  the  E-vector  is 
perpendicular  to  the  reference  plane.  Other  information  at  toe  top  of  toe  curve  gives  the  wave¬ 
length  (x)  at  which  measurements  were  made,  toe  zenith  angle  (3^)  of  toe  source,  and  toe 
azimuth  angle  (a^  of  the  source.  It  should  be  noted  tost  the  broadband  measurements  (0.4  to 
0.7  pm)  are  deeignated  by  x  =  0.55  pm. 


Examination  of  the  abscissa  may  at  first  glance  be  confusing  because  the  scale  on  the  ab- 
cissa  goes  from  90°  to  0°  to  90°;  however,  further  examination  of  the  lower  part  of  the  graph 
will  show  that  there  is  a  $  ^  or  receiver  azimuth  on  the  left  and  also  one  on  the  right.  The  line 
down  the  center  of  the  graph  splits  the  plot  up  into  the  two  halves  of  a  phi  plane.  Once  this  fact 
is  noted,  there  shouldn't  be  any  confusion  in  using  the  plots. 


data  contained  in  this 


the  reader  should  be  aware  of  two 


nm 


which  may  aid  in  interpretation  of  the  data  presented.  The  first  item  deals  with  the  noise  limita¬ 


tion  of  interpretation,  and  the  second  deals  with  the  method  by  which  signals  having  large  dy¬ 
namic  ranges  (>  four  orders  magnitude}  are  plotted  on  a  4 -cycle  logarithm  scale. 

internrelution  of  the  hg|gfe  limit  can  be  best  explained  by  illustration.  For  the  data  curves  of 
Sample  AQ3181-401  (6.  =  01',  40°),  the  noise  limit  is  readily  observed.  That  part  of  the  curve 
which  rills  gently  upward  as  6 -  increases  is  the  noise  limit  for  this  particular  piece  of  data. 
This  is  identified  by  the  small  ingle  variability  and  the  fact  that  the  curve  follows  a  secant 
theta  function.  These  observations  are  usually  indicative  of  having  reached  the  noise  limit  of 
the  system  and  suggest  that  the  real  reflectance  lies  somewhere  belcw  the  value  shown.  The 
exact  level  at  which  the  noise  appears  is  a  function  of  many  of  the  measurement  parameters 
and  may  vary  greatly  from  curve  to  curve. 

The  curves  for  A03117-8Q2  (fl^  =  30°,  60°)  illustrate  the  method  used  to  handle  large  dy¬ 
namic  range  signals.  In  this  example  the  reflectances  increase  from  a  o'  value  of  around  0.2 
at  an  angle  of  80  degrees,  to  a  value  of  10  at  30  degrees.  Higher  signals  are  displayed  by  moving 
them  down  two  decades  (i.e.,  p'  =  10  is  plotted  as  0.1)  and  plotting  the  symbols  without  connecting 
lines  for  each  curve  folded  over.  In  the  illustration  referenced,  the  symbols  run  together  to 
form  a  very  heavy  line.  Here  the  highest  p'  value  shown  is  not  10,  but  25.  This  fold-over  of 
the  curve  enables  one  to  display  six  logarithmic  cycles  on  four  cycles  of  paper. 

A  t  "halation  of  the  data  appearing  in  this  appendix  immediately  follows.  Table  C -l  gives 
sample  and  area  condition  numbers,  description  of  the  samples,  and  all  the  data  needed  to  define 
a  particular  plot.  All  of  the  data  shown  is  also  available  in  the  ERAS  format  either  in  cards  or 
on  magnetic  tape  from  ER1M.  The  ERAS  format  is  described  in  Appendix  D. 


TABLE  C-l 


SUMMARY  OF  DIFFUSE  p*  DATA  CONTENTS 


Saeple 


Description 

Ho. 

Area  Ho. 

X 

it 

M.  A 

t  .  v 

—X  — r 

.0  .00 

180 .  Qu 

TRW  2nd  Surface  Mirror 

3165 

401 

\ 

.63  ' 

.0 

TRW  2nd  Surface  Mirror 

3165 

401 

.63 

40.0 

.0  .00 
180.00 

TRW  2nd  Surface  Mirror 

3165 

402 

.55 

.0 

180.0  .00 
160.00 

TRW  2 iti  Surface  Mirror 

3165 

402 

.55 

40.0 

180.0  .00 
180.00 

TRW  2nd  Surface  Mirror 

3165 

402 

.55 

40.0 

180,0  90.00 

270,00 

TRW  2nd  Surface  Mirror 

3165 

403 

1.06 

.0 

180.0  .00 
180,00 

TRW  2nd  Surface  Mirror 

3165 

403 

1.06 

40.0 

1S0.0  .00 

180,00 

TRW  2nd  Surface  Mirror 

3165 

403 

1.06 

40.0 

160,0  90-00 

270.00 

Aiuainua  Tries  Tape 

3177 

601 

.55 

.0 

180.0  .00 
180.00 

Aiuainua  Trio  Tape 

3177 

601 

.55 

20.0 

180.0  .00 
130-00 

Aiuainua  Trisa  Tape. 

3177 

601 

.55 

40.0 

180.0  .00 
180.00 

Alussiaus  Iris  “ape 

3177 

601 

.55 

60.0 

180-0  .00 
180-00 

Aiuainua  Tries  Tape 

3177 

601 

.55 

20.0 

180.0  90.00 

270.00 

Aiuainua  Tris  Tape 

3177 

601 

.55 

40.0 

130.0  90.00 

270.00 

Aiuainua  Tria  Tape 

3177 

601 

.55 

60.0 

180.0  90.00 

270.00 

Aiuainua  Trie  Tape 

3177 

601 

.55 

.0 

270.0  90.00 

270,00 

Aiuainua  Iris  Tape 

3177 

601 

.55 

20.0 

270.0  90.00 

270.00 

Aiuainua  Tris  Tape 

3177 

601 

.55 

40.0 

270.0  9r*-00 

270.00 

Aiuainua  Iris  Tape 

3177 

601 

.55 

60.0 

270.0  90.00 

270.00 

Aiuainua  Tria  Tape 

3177 

601 

.55 

20.0 

270.0  .00 

180.00 

Aiuainua  Tria  Tape 

3177 

601 

.55 

40.0 

270.0  .00 

180.00 

Aiuainua  Trim  Tape 

3177 

601 

.55 

60.0 

270.0  .00 

180.00 

Aiuainua  Tria  Tape 

3177 

701 

.63 

•  U 

.  u  ■  Ow 

180.00 

Aiuainua  Tris  Tape 

317? 

701 

.63 

30.0 

.0  .00 
160.00 

Alusinus  Tria  Tape 

3177 

701 

.63 

60,0 

.0  .00 
180. 00 
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TABLE  C-l.  SUMMARY 

OF  DIFFUSE 

P‘  DATA 

C0XTEXTS 

(Continued) 

Description 

Sasple 

So. 

Area  Ho. 

A 

8  a 

A 

-t  — 1 

Aluslnua  Iris  Tape 

3177 

702 

.63 

.0  90.0 

90.00 

270.00 

Altmlnua  Trla  Tape 

31/7 

702 

.63 

30.0  90.0 

90.00 

270.00 

Altai  nus  Trls  Tape 

3177 

702 

.63 

60.0  90.0 

90.00 
270. 00 

Alu&tinua  Trla  Tape 

3177 

801 

1.06 

.0  .0 

.00 

180.00 

Aluainus  Trla  Tape 

3177 

SOI 

1.06 

30.0  ,0 

.00 

180.00 

Altuninas  Trla  Tape 

3177 

801 

1.06 

oO.O  .0 

.00 

180. 00 

Aluainurs  Trla  Tape 

3177 

802 

1.06 

.0  90.0 

90.00 

270.00 

Aluainus  Trla  Tape 

3177 

802 

1.C6 

30.0  90.0 

90.00 

270.00 

Aluainus  Trla  Tape 

3177 

802 

1.06 

60.0  90.0 

90.00 

270.00 

Solar  Cell  Array, 

H— Type 

3179 

401 

.55 

.0  180.0 

.00 

130.00 

Solar  Cell  Array, 

H-Type 

3179 

401 

.55 

40.0  180.0 

.00 

180-00 

Solar  Cell  Array, 

H-Type 

3179 

401 

.55 

40.0  180.0 

90.00 

270.00 

Solar  Cell  Array, 

H-Type 

3179 

401 

.55 

40.0  180.0 

90-00 

270.00 

Solar  Cell  Array, 
C-Type 

3181 

401 

.55 

.0  180.0 

.00 

180.00 

Solar  Cell  Array, 
C-Type 

3131 

401 

.55 

40.0  180.0 

.00 

180.00 

Solar  Cell  Array, 
C-Type 

3181 

401 

.55 

40.0  180.0 

90.00 

270.00 

Solar  Cell  Array, 
H-Type 

3182 

701 

.63 

.0  .0 

.00 

180.00 

Solar  Cell  Array, 
H-Type 

3182 

701 

.63 

40.0  .0 

.00 

180.00 

Solar  Cell  Array, 
H-Type 

3182 

702 

.55 

.0  rSO.C 

.00 

180.00 

Solar  Cell  Array, 
H-Type 

3182 

702 

.55 

*0.0  180.0 

.00 

180.00 

Solar  Cell  Array, 
H-Type 

3182 

702 

.55 

*0.0  18o. 0 

90.00 

270,00 

Solar  Cell  Array, 
H-Type 

3182 

704 

1.06 

.0  180,0 

.00 
ISO. 00 

Solar  Cell  Array, 
H_Typ« 

3182 

704 

1.06 

40.0  180.0 

,00 

180.00 

solar  Ce*l,  Array, 
H-Type 

3182 

70* 

1.06 

40.0  180.0 

90.00 

270.00 
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so  Aar  ttii  ,\ZTAt 

C-Type 

Aerojet.  2r-d  Surface 
Mirror  Array 

Aerojet  2ao  Surface 
Mirror  Array 


Aeroje 


.#3  .0  180.0 
.63  *0.0  130.0 


SS  *0.0  180 


m 


TABLE  C-l.  SUHXASY  CF  DIFFUSE  p*  DATA  CONTESTS  (Continued) 


Sasple 


Description 

Area  Ho, 

k  6,  9.  t 

—  — £  — \  — x 

Aerojet  2nd  Surface 
Hirror  Array 

319* 

*01 

.35  40.0  180,0  .00 

180. 00 

Si  Black  Velvet  Faint, 
101-C10 

3197 

*01 

,53  .0  180.0  .00 

180.00 

Si  Black  Velvet  Faint, 
101-C10 

3197 

*01 

.55  20.0  180.0  .00 

180.00 

Si  Black  Velvet  Paine, 
101-C1Q 

3197 

401 

,55  40.0  180.0  .00 

Isu .00 

Si  Black  Velvet  Paint, 
101-CI0 

3197 

401 

.55  60.0  180.0  .00 

180.00 

Si  Black  Velvet  Paint, 
101 -CIO 

3197 

*01 

.55  .0  180.0  90.GQ 

270.00 

Si  Black  Velvet  Paint, 
101-C10 

3197 

401 

.55  20.0  180.0  90.00 

270.00 

Si  Black  Velvet  Paint, 
101-C10 

3197 

401 

.55  40.0  180.0  90.00 

270.00 

Si  Black  Velvet  Paint, 
101-C10 

3197 

*01 

.55  60.0  180.0  90. 00 

270.00 

Aerojet  White  Paint 

3206 

401 

.55  .0  180.0  ,00 
180.00 

Aerojet  White  Paint 

3206 

401 

.55  20.0  180.0  .00 
180. DO 

Aerojet  White  Paint 

3206 

401 

.55  40,0  180-0  .00 

180.30 

Aerojet  White  Paint 

3206 

401 

.55  60.0  130.0  .00 

180.00 

Aerojet  White  Paint 

3206 

401 

.55  20.0  180.0  90. TO 

rlO.vQ 

Aerojet  White  Paint 

3206 

401 

.55  40.0  180.0  S0.00 

270. TO 

Aerojet  White  Paint 

3206 

401 

.35  60.0  180.0  90.00 

270.00 

Aerojet  White  Paint 

3207 

401 

.63  .0  180.0  .00 

180.00 

Aerojet  White  Paint 

3207 

401 

.63  20.0  180,0  .00 
180. TO 

Aerojet  '"'nice  Paint 

3207 

401 

.63  40,0  180.0  .M 

iso.ro 

Aerojet  White  Paint 

320? 

401 

.63  60.11  180*0  -•  j 

ISO.  TO 

Aerojet  White  Paint 

3207 

401 

.63  /S.u  lsu.0  *%iy 

180.  00 

Aerojet  White  Paint 

3iU* 

401 

.63  20.0  180.0  90. TO 

270.00 

Aerojet  Whit*  Paint 

3207 

401 

.63  40.0  180.0  90.M 

270-00 

Aerojet  White  Paint 

3207 

401 

.63  60, u  Isu.u  vO.TO 

270, iri 

Aerojet  White  Paint 

3207 

402 

Sf  in  i  “  f| 

iso.ro 

1S4 


8  8  8  8  8  8  8  8  8  8  8  8  8  8  8  8  8  8  8  8  88  88  8  8  88 


TABLE  C-i.  SOtiAET  OF  BIFFOSE  p*  DATA  CORTESTS  CCoacI tided) 


Description 

3*rple 

Ha. 

Area  So, 

A 

a 

i 

— i 

H 

Aerojet  White  Faiat 

3207 

402 

.55 

20.0 

180.0 

nA 

180. 00 

Aerojet  White  Paint 

3207 

402 

.55 

40.0 

180.0 

,w 

180.  W) 

Aerojet  White  Paint 

11fl7 

402 

.55 

60.0 

ito.o 

180*00 

Aerojet  White  Paint 

3207 

402 

.55 

75,0 

ISO.O 

iUv 

180,00 

Aerojet  Waif*  Faiat 

3207 

402 

.55 

20.0 

180.0 

00.00 

270.00 

Aerojet  White  Paint 

3207 

402. 

.55 

40.0 

lio.c- 

'iO.OO 
270. 00 

Aerojet  White  Faiat 

3207 

402 

.55 

50.0 

180,0 

£0.00 

27Q.O 

Aerojet  White  Faiat 

3207 

403 

1.06 

.0 

18O.0 

180,00 

Aerojet  White  Faint 

3207 

403 

1.06 

20.0 

180.0 

.00 

180.00 

Aerojet  White  Faiat 

3207 

403 

1.06 

40.0  ISO.O 

,0© 

180,00 

Aerojet  White  Faiat 

320? 

403 

1.06 

60.0 

I80.0 

.00 

160,00 

Aerojet  White  Faiat 

3207 

433 

1.06 

20.0 

ISO.O 

90.00 

270.00 

Aerojet  White  Paint 

3207 

403 

1.06 

40.0 

180.0 

90.00 

270.00 

Aerojet  White  Faiat 

3207 

403 

1.06 

60.0  leO.O 

90.00 

270.00 

Aerojet  White  Faiat 

3207 

403 

1.06 

75.0 

1».0 

.00 

130,00 

Aerojet  White  Paint 

3207 

403 

1.06 

75.0 

180.0 

90.00 
2  /O.Qo 
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tl 011 II IK  MOV, 


R03177 


190 


icnunvn  % 


R03177  601  ALUMINUM  TIMM  V 


lllill  *  t  t  llli  1 1  *  f  *  jiitf  I  i  (  l  4((tf  s  *  t  2  4 

3  tb  fa  ih  fa 

3>'  mm  ■WMoiiaajiots 


m 


903177  601  ALUMINUM  TH1M  TAI'K. 


90.00  %  »  270.00  *  .00  **  -  160.00 


«*  (DECfCESl 


ALUMINl'M  T1IIM  TAPR 


iff*: 


HIM  TAI'K, 


<v  lOEGflEES) 


SOLA H  OKU..  H-TYPK 


(t-*U31SJ  3DNH1331J3U  TbNO 1 13381018 


'O'1; 


R03 1 82  70 1  S0t.AH  CELL.  H -TYPE.  fl03 1 82 


float  32 


208 


U'U-tU; 


SOLA  It  CELL  II -TYPE, 


H  -TYPE. 


H03181!  803  8oi.au  cki.u  c-tyi'k.  RQ318M 


(DC  GHEES) 


***** . **mmm . 


inffiinaviimmm  . . . 


Ct-'Y3iSl  33NB133U3U  'WMOIiDSHtOiS 
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(OCCWESI 
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ti.'tOiS)  33Nbi33TJ3a  UN0Ii33yiQI9 


(DEGREES) 
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■cmu,:,) 


239 


Appendix  D 

SPECULAR  BIDIRECTIONAL  REFLECTANCE  DATA 

This  appendix  contains  a  computer  listing  cl  the  bull's-eye  representation  of  the  specular 
bidirectional  reflectance  data.  The  bull's-eye  is  a  5-  or  6-element  representation  erf  the  39- 
element  measurement  matrix  c€  the  o'  value  t£  various  materials  having  highly  specular  char¬ 
acteristics.  Each  line  on  the  computer  listing  gives  a  bcll's-eye  represent  at  las  erf  a  particular 
99-element  matrix.  As  well  as  the  numbers  associated  with  the  bull’s-eye  itself,  the  pertinent 
i  measurement  parameters  are  also  given. 


Table  D-l  gives  the  formats  used  and  presents  a  list  of  the  information  which  also  appears 
In  the  listing.  A  second  table.  Table  D-2,is  provided  as  a  quick  reference  to  the  polarization 
alignment  JPCCDE)  used  to  cef me  the  reiatienship  erf  the  source  and  receiver  polarization  as 
measured  with  respect  to  their  reference  planes.  The  reference  planes  are  defined  by  the 
sample  normal  and  a  vector  from  the  base  cf  the  ample  norma*  to  the  source  or  receiver. 

When  specifying  a  PC  ODE  as,  say,  parallel,  parallel,  one  should  note  that  the  source  polariza¬ 
tion  is  always  specified  first.  The  polarisation  cote  is  further  defined  in  Appendix  D  In  accor¬ 
dance  with  the  ERAS  format. 

A  summary  erf  the  specular  bidirectional  reflectance  measurements  performed  is  presented 
la  Table  D-3.  The  summary  includes  a  sample  description  and  the  measurement  parameters. 

All  of  the  data  shown  is  available  from  ERIM  either  on  computer  cards  or  ot>  majpetic  tape. 
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TABLE  D-l.  DATA  CARD  FORMAT 


Colvjm 


1-4 

5-7 

8 

9 

11 

13-16 

17-21 

22-26 

27-35 

36-44 

45-53 

54-62 

63-71 

72-80 


PCODE 

2 

3 

4 

5 

6 
7 


Description 


column  Format  Code 


Sample  number 

Area  Condition  number 

Manufacturer  code  A  for  Aerojet, 

C  for  Centralab,  H  for  Heliotek, 
and  T  for  TRW. 

An  X  for  the  second  specular  re¬ 
flection  from  a  Centralab 
solar  cell 

Polarization  code,  see  Table  0-2 

Source  wavelength,  .55  used  to 
indicate  .4-.  7  jxm  broad-band 
white  light  source 

phi,  jr,  of  the  receiver 

Theta,  e  t  of  the  receiver 
r  .  „o  ,o 
Bullseye  ring  0  -.1 

,  i°  >° 

Bullseye  ring  .1  -.<■ 

Bullseye  ring  .2  -.3 

i°  r° 

Bullseye  ring  .3  -.4 
Bullseye  ring  .4  -.7 
Bullseye  ring  .7° -1.0 


Ti 

13 

Al 


A1 

11 

F4.2 

F5-1 

F5.1 

FS.l 

F9.1 

F9.1 

F9.1 

F9.1 

F9.1 


TABLE  D-2. 

PCODE  SYMBOLS 

Symbol 

Description 

Parallel,  Parallel 

it  1  « 

I  U 

Perpendicular,  Parallel 

i;  i 

Parallel,  Perpendicular 

I  i  JL 

II 

Perpendicular,  Perpendicular 

o  i! 

Unpolarized,  Parallel 

o  1 

Unpolarized,  Perpendicular 
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TABLE  D-3.  SUMMARY  OF  BULL'S-EYE  BXFLECTANCE  DATA 


Description 

Sample  No. 

Area 

PCODE 

- 

5 

TRW  2nd  Surface 
Mirror  Array 

3165 

502 

6,7 

.55 

.0 

TRW  2nd  Surface 
Mirror  Array 

3165 

602 

6,7 

.55 

.0 

TRW  2nd  Surface 
Mirror  Array 

3165 

702 

6.7 

.55 

.0 

TRW  2nd  Surface 
Mirror  Array 

3165 

501 

2, 3, 4, 5 

.63 

90.0 

TRW  2nd  Surface 
Mirror  Array 

3165 

601 

2, 3, 4, 5 

.63 

90.0 

TRW  2nd  Surface 
Mirror  Array 

3165 

701 

2,3,4 ,5 

.63 

90.0 

TRW  2nd  SurUc*. 
Mirror  Arr-iy 

3165 

503 

2, 3, 4, 5 

3.06 

.0 

TRW  2nd  Surface 
Mirror  Array 

3165 

603 

2, 3, 4, 5 

1.06 

.0 

TRW  2nd  Surface 
Mirror  Array 

3165 

703 

2, 3, 4, 5 

1.06 

.0 

Solar  Cell  Array, 
H-Type 

3179 

501 

6,7 

.55 

.0 

Solar  Cell  Array, 
H-Type 

3179 

502 

6,7 

.55 

270.0 

Solar  Cell  Arra; , 
H-Type 

3179 

601 

6,7 

.55 

.0 

Solar  Cell  Array, 
H-Type 

3179 

AO? 

6,7 

.55 

270.0 

Solar  Ceil  Array, 
H-Type 

3179 

701 

6,7 

.55 

.0 

Solar  Cell  Array, 
H-Type 

3179 

702 

6,7 

.55 

270.0 

Solar  Cell  Array, 
C-Type 

3181 

501 

6,7 

.55 

.0 

Solar  Cell  Array, 
C-Type 

3181 

503 

6,7 

.55 

270.0 

Solar  Cell  Array, 
C-Type 

3181 

601 

6,7 

.55 

.0 

Solar  Cell  Array, 
C-Type 

3181 

603 

6,7 

.55 

270.0 

Solar  Cell  Array, 
C-Type 

3181 

701 

6,7 

.55 

.0 
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TABLE  D-3,  SUMMARY  OF  BULL'S-EYE  REFLECTANCE  DATA  (Continued) 


Description 

Sample  No. 

Area 

PC0DE 

£ 

Solar  Cell 
C-Type 

Array, 

3181 

703 

6, 7 

.55 

270.0 

Solar  Cell 
C-Type 

Array, 

3181 

502 

6,7 

.55 

.0 

Solar  Cell 
C-Type 

Array, 

3181 

504 

6,7 

.55 

270.0 

Solar  Cell 
C-Type 

Array, 

3181 

602 

6,7 

.55 

.0 

Solar  Cell 
C-Type 

Array, 

3181 

604 

6,7 

.55 

270.0 

Solar  Cell 
C-Type 

Array, 

3181 

702 

6,7 

.55 

.0 

Solar  Cell 
C-Type 

Array, 

3181 

704 

6,7 

.55 

270.0 

Solar  Cell 
H-Type 

Array, 

3182 

403 

6,7 

.55 

180.0 

Solar  Cell 
H-Type 

Array, 

3182 

404 

6,7 

.55 

270.0 

Solar  Cell 
H-Type 

Array, 

3182 

503 

6,7 

.55 

180.0 

Solar  Cell 
H-Type 

Array, 

3182 

504 

6,7 

.55 

270.0 

Solar  Cell 
H-Type 

Array, 

3182 

603 

6,7 

.55 

180. G 

Solar  Cell 
H-Type 

Array, 

3182 

604 

6,7 

.55 

270.0 

Solar  Cell 
H-Type 

Array, 

3182 

608 

6,7 

.55 

280.0 

Solar  Cell 
H-Type 

Array, 

3182 

609 

6,7 

.55 

45.0 

Solar  Cell 
H-Type 

Array, 

3182 

401 

2,3, 4,5 

.63 

180.0 

Solar  Cell 
H-Type 

Array, 

3182 

402 

2,3, 4, 5 

.63 

270.0 

Solar  Cell 
H-Type 

Array, 

3182 

501 

2, 3,4, 5 

.63 

270.0 

Solar  Cell 
H-Type 

Array, 

3182 

502 

2, 3, 4, 5 

.63 

180.0 

Solar  Cell 
H-Type 

Array, 

3182 

601 

2,3, 4, 5 

.63 

180.0 

248 


_  A 


TABLE  D-3.  SUMMARY  OF  BULL'S-EYE  REFLECTANCE  DATA  (Continued) 


Description 

Saaple  No. 

Area 

PCODE 

± 

Solar  Cell 
C-Type 

Array, 

3184 

407 

6,7 

.55 

270.0 

Solar  Cell 
C-Type 

Array, 

31*4 

505 

6,7 

.55 

270.0 

Solar  Cell 
C-Type 

Array, 

3184 

507 

6,7 

.55 

180.0 

Solar  Cell 
C-Type 

Array, 

3184 

605 

6,7 

.55 

180.0 

Solar  Cell 
C-Type 

Array, 

3184 

607 

6,7 

.55 

270.0 

Solar  Cell 
C-Type 

Array, 

3184 

401 

2. 3,4, 5 

.63 

180.0 

Solar  Cell 
C-Type 

Array, 

3184 

404 

2, 3, 4,5 

.63 

270.0 

Solar  Cell 
C-Type 

Array, 

3184 

502 

2, 3, 4, 5 

63 

270.0 

Solar  Cell 
C-Type 

Array, 

3184 

602 

2, 3. 4, 5 

.63 

180.0 

Solar  Cell 
C-Type 

Array, 

3184 

702 

2, 2,4,5 

.63 

180.0 

Solar  Cell 
C-Type 

Array, 

3184 

704 

2, 3. 4, 5 

.63 

270.0 

Sol3r  Cell 
C-Type 

Array, 

3184 

402 

2, 3,4, 5 

.63 

180.0 

Solar  Cell 
C-Type 

Array, 

3134 

403 

2. 3, 4, 5 

.63 

270.0 

Solar  Cell 
C-Type 

Array, 

3184 

501 

2, 3, 4, 5 

.63 

270.0 

Solar  Cell 
C-Type 

Array, 

3184 

601 

2,3, 4, 5 

.63 

180.0 

Solar  Cell 
C-Type 

Array, 

3184 

701 

2. 3, 4, 5 

.63 

180.0 

Solar  Cell 
C-Type 

Array, 

3184 

703 

2, 3,4, 5 

.63 

90.0 

Solar  Cell 
C-Type 

Array, 

3184 

409 

2.3,4, 5 

1.06 

.0 

Solar  Cell 
C-Type 

Array, 

3184 

411 

2, 3, 4, 5 

1.06 

270.0 

Solar  Cell 
C-Type 

Array, 

3184 

412 

2, 3, 4, 5 

1.06 

270.0 

248 


TABLE  D—3 .  SUMMARY  OF 


BULL'S-EYE  REFLECTANCE  DATA  (Continued) 


Description 

Saasla  No, 

Arta 

PCODE 

A 

£ 

Solar  Cell  Array, 
C-Type 

3184 

509 

2, 3,4,5 

1.06 

Solar  Cell  Array, 
C-Type 

3184 

511 

2, 3,4,5 

1.06  270.0 

Solar  Cell  Array, 
C-Type 

3134 

609 

2,3, 4, 5 

1.06 

Solar  Cell  Array, 
C-Type 

3184 

611 

2, 3, 4, 5 

1.06  : 

270. C 

Solar  Cell  Array, 
C-Type 

3184 

410 

2, 3, 4, 5 

1.06 

.( 

Solar  Cell  Array, 
C-Type 

3184 

510 

2, 3, 4, 5 

1.06 

.1 

Solar  Cell  Array, 
C-Type 

3184 

512 

2, 3,4,5 

1.06 

270. 

Solar  Cell  Array, 
C-Type 

3184 

610 

2,3,4, 5 

1.06 

• 

Solar  Cell  Array 
C-Type 

3184 

612 

2, 3.4, 5 

1.06 

270. 

Solar  Cell  Array, 
C-Type 

3135 

501 

6,7 

.55 

Solar  Cell  Array, 
C-T.fpe 

3185 

503 

6,7 

.55 

270 

Solar  Cell  Array, 
C-Type 

3185 

601 

6,7 

.55 

Solar  Cell  Array, 
C-Type 

3185 

603 

6,7 

.55 

270 

Solar  Cell  Array, 
C-Type 

3185 

701 

6,r 

.55 

Solar  Cell  Array, 
C-Type 

3185 

703 

6,7 

.55 

27 1 

Solar  Cell  Array, 
C-Type 

3185 

502 

6,7 

.55 

Solar  Cell  Array, 
C-Type 

3165 

504 

6,7 

.55 

27 

Solar  Cell  Array, 
C-Type 

3155 

602 

6,7 

.55 

Solar  Cell  Array, 
C-Type 

3185 

604 

6,7 

.55 

21 

Solar  Cell  Array, 

3185 

702 

6,7 

.55 

TABLE.  D-3.  SUMMARY  OF  BULL5  S- EYE  REFLECTANCE  DATA  (Concluded) 


Description 

Ho. 

Area 

FCODE 

_L 

X 

Solar  Cell  Arraj , 
C-Type 

j135 

704 

6,7 

.35 

270.0 

Aerojet  2nd  Surface 
Mirror  Array, 

(MC  Substrate  - 
XTV  566  Backing) 

3190 

402 

6,7 

■  55 

.0 

Aerojet  2nd  Surface 
Mirror  Array, 

(MC  Substrate  - 
STV  566  Backing) 

3190 

502 

6,7 

*  55 

n 

Aerojet  2nd  Surface 
Mirror  Array, 

(MC  Substrate  - 
RTV  566  Backing) 

3190 

602 

6,7 

-55 

.0 

Aerojet  2nd  Surface 
Mirror  Array, 

(MG  Substrate  - 
RTV  566  Backing) 

3190 

401 

2. 3,4,5 

.63 

.0 

Aerojet  2nd  Surface 
Mirror  Array, 

(MC  Substrate  - 
STV  566  Backing) 

3190 

501 

2, 3,4, 5 

•  63 

.0 

Aerojet  2nd  Surface 
Mirror  Array, 

(MG  Substrate  - 
RTV  566  Backing) 

3190 

601 

2, 3,4, 5 

•  63 

,0 

Aerojet  2nd  Surface 
Mirror  Array, 

(MG  Substrate  - 
RTV  566  Backing) 

3190 

403 

2, 3,4,5 

1  -  06 

*  et  2nd  Surface 
Mirror  Array, 

(MG  Substrate  - 
RTV  566  Backing) 

3190 

503 

2, 3,4, 5 

1*06 

.0 

Aerojet  2nd  Surface 
Mirror  Array, 

IMG  Substrate  - 
STV  566  Backing) 

3190 

603 

2. 3, 4, 5 

1.06 

*  . 

Aerojet  2nd  Surfac, 
Mirror  Array, 
(Fiberglass  Substca 
RTV  615) 

3194 

te 

501 

6,7 

.55 

270.0 

Aerojet  2nd  Sir face 
Mirror  Arrar, 
(Fiberglass  Substra 
RTV  6*5) 

3194 

601 

6,7 

•  IS 

180.0 

Aerojet  2nd  S  irface 

3194 

701 

6,7 

-35 

90.0 

Mirror  Art*.-, 
(fiberglass  Substrate 
RTV  615) 


25Q 


<  —S' 

■Ji  <  Sc. 

.» 

6 

- *  _ 

i  G 

w  ”  -  4 

_ _ _ 1-  - 

0° 

.4  "J 

4  O 

.J  *-** 

.**  1 

316570U  ' 

1 

J 

.6  3" 

90.0 

20. o” 

650.6*” 

33*.  8 

115.0^ 

22.2 

2.3 

31657C1T 

4 

.63 

90.0 

20.0 

fill. a 

*58.3 

152.7 

2  5.2 

5.7 

3 1 6  5  7  C 1  I 

c 

J 

.63 

90.0 

20.0 

21999.1 

11693.1 

*330.1 

952.3 

98.2 

3i-„57C  l  I 

2 

.63 

90.0 

*0.0 

31622.3 

18114.9 

5363.2 

771.9 

*5.4 

31657017 

It 

J 

.63 

90.0 

*0.0 

552.0 

375.4 

129.3 

27.6 

*.0 

51657CI1 

4 

.63 

90.0 

*0.0 

87C.  5 

559,1 

129.7 

1C. 6 

4.1 

31657017 

.63 

90.0 

*0.0 

2*  5*2 . 8 

15128.1 

*912.2 

950.5 

54.6 

3 1 6  5  7  C 1 1 

.63 

90.0 

60.0 

10559.1 

10671.8 

51*9.0 

071.7 

74.2 

31657017 

3 

.63 

90.0 

60.0 

771. C 

SOI. 2 

207.2 

66.  3 

1 2.2 

31657C  1  * 

4 

.63 

90.0 

60.0 

1230.7 

633,4 

172.6 

29.3 

8.6 

31657017 

5 

.63 

90.0 

60.0 

33C53.0 

20656.1 

atfcl.2 

2712.1 

353.1 

31656037 

2 

1  .06 

.0 

5.0 

51272.1 

21863.2 

5622.5 

1053,2 

159.6 

31655C  3  7 

3 

1.06 

.0 

5.0 

*73.0 

356,1 

154.1 

35.0 

9.5 

31655C37 

* 

l.Cfc 

.0 

5.0 

661.0 

276.8 

75.3 

23.1 

8.5 

31655037 

5 

1.06 

.0 

5.0 

35550.1 

2*326.2 

9216.0 

2389.6 

391,1 

31655037 

2 

1.06 

.0 

20.0 

*9069.7 

28681.5 

7254.3 

1389.7 

264.6 

31 655C37 

3 

1.06 

.0 

20.0 

**0.5 

263.2 

84.1 

28.8 

12.4 

31655C37 

4 

l.Ofc 

.0 

20.0 

668.8 

384.2 

1C2.2 

22.9 

9.1 

31655037 

5 

1.06 

.0 

20.0 

*05CC. 3 

236CC.4 

7*96.9 

1993.0 

494.4 

31655037 

2 

1.06 

.0 

*0.0 

23613.5 

1*287.1 

6883.6 

3317.0 

776.2 

31655037 

3 

1.06 

.0 

50. 0 

*57.5 

285.3 

1*6.1 

*7.6 

18.6 

31655C3 I 

6 

1.06 

.0 

*0.0 

262.* 

191.5 

99.8 

37.5 

15.0 

31655C3T 

5 

1.06 

.0 

*0.0 

33691.1 

2*228.5 

116*2.0 

3869.8 

1074.8 

31655037 

2 

l.Ofc 

.0 

60. 0 

50 726. C 

*1*59.2 

20635.0 

*  308.4 

938.6 

31655037 

3 

1.06 

.0 

fcO.O 

*61.7 

666.* 

*83.6 

156.2 

42.6 

31655037 

6 

1.06 

.0 

60.0 

664.3 

551.* 

278.7 

70.2 

29.7 

31655037 

5 

1.06 

.0 

60.0 

35772.6 

*7569.9 

35251.1 

8826.3 

1567.0 

3165603T 

2 

l.Ofc 

.0 

5.0 

28960.9 

2ieS2.fc 

6660.9 

1564.8 

418.0 

31656037 

3 

l.Ofc 

.0 

5.0 

352.6 

79.* 

13.3 

4.7 

4.0 

31656037 

6 

l.Ofc 

.0 

5.0 

264.7 

169,9 

*8.6 

12.2 

7.4 

31656037 

5 

1.06 

.0 

5.0 

*34*0.5 

11625.1 

192*.* 

273.6 

51.5 

31656037 

2 

1.06 

.0 

20.0 

32C23.2 

2*934.7 

15085.5 

2856.' 

508,9 

31656037 

3 

l.Ofc 

.0 

20.0 

227.3 

9*.* 

16.2 

7.  j 

4.5 

31656C3T 

6 

1.06 

.0 

20.0 

220.5 

194.9 

113.7 

25.1 

9. * 

31656037 

5 

l.Ofc 

.0 

20.0 

39589.5 

1*826.2 

1960.4 

3*1.2 

51.3 

31656037 

2 

1.06 

.0 

*0.0 

16294,6 

1*614.3 

6265.5 

1917.8 

*85.3 

31656037 

3 

l.Ofc 

.0 

*0.0 

3*8.2 

102.3 

17.8 

6.1 

5.6 

31656037 

6 

1.06 

.0 

*0.0 

1*5.6 

l*t  8 

69.7 

27.8 

12.2 

3165603T 

5 

1.06 

.0 

*0.0 

50792.0 

1*292.9 

I960.* 

297.8 

55.5 

31656C3T 

£ 

1.06 

.0 

60.0 

60325.5 

22391. C 

5523.0 

1715.* 

*15.0 

31656037 

3 

l.Ofc 

.0 

60.0 

390,9 

294.0 

168.4 

56.7 

15.5 

31656037 

6 

l.Ofc 

.0 

60.0 

638.8 

29*.* 

76.5 

27.3 

13.3 

3165603T 

5 

1.06 

.0 

60.0 

3*260.8 

19807.4 

10216.7 

31*1.7 

*85-6 

31657037 

2 

l.Ofc 

.0 

5.0 

37621.5 

15607,1 

3351.6 

184.2 

23.8 

31657037 

3 

1.06 

.0 

5.0 

*35.* 

224.1 

34.2 

7.1 

4,0 

31657037 

4 

1.06 

.0 

5.0 

53*. 1 

222.7 

*6.8 

6.7 

4*6 

31657C3T 

5 

l.Ofc 

.0 

5.0 

36737.7 

15903.1 

2016.8 

177.5 

20,7 

31657037 

2 

1.06 

.0 

20.0 

36*0 S  .5 

16279.5 

2283.1 

265.3 

36.7 

>1657037 

3 

1.06 

.0 

20.0 

*50.2 

225.9 

*3.6 

6.8 

4.5 

31657037 

6 

l.Ofc 

.0 

20.0 

*3;. 5 

198.7 

32.7 

7.2 

3,9 

31657037 

5 

l.Ofc 

.0 

20.0 

39176.5 

18059.0 

3036.3 

160.9 

13.8 

31657037 

2 

1.06 

.0 

*0.0 

353*0.9 

22260.0 

*7*2.4 

634.5 

106.2 

31657037 

3 

1.06 

.0 

*0.0 

378.2 

223.8 

37.3 

7.6 

4.1 

31657031 

6 

InOfc 

.0 

*0.0 

556.2 

293,’ 

51.9 

8.3 

5.0 

31657037 

5 

1.06 

.0 

*0.0 

*1360.2 

16637.4 

2865.4 

328.6 

54.2 

31657C3T 

2 

1.06 

.0 

60. 0 

68*11.0 

23802, C 

1*94.5 

103.5 

23.4 

31657037 

3 

l.Ofc 

.0 

60.0 

895,9 

*18.4 

10*.* 

27.5 

7.6 

31657037 

6 

l.Ofc 

.0 
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1002,9 

3*7.8 

*1.0 

12.2 

8.1 
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5 
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.0 
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55299.8 

25185.5 

6622.7 
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113.7 

31795016 

6 

.55 
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5.0 
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108.2 

105.4 

81.1 
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31795016 

7 

.55 

.0 

5.0 
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82.1 

*3.7 
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50.4 

201,4 

111*6 

49.6 

9,9 

219.5 

133.9 

51.0 

9.8 

252.7 

135.6 

58.9 

14.2 

340.6 

198,1 

77,5 

16.9 

126.7 

65.1 

20,7 

5.2 

444.5 

217.0 

72.6 

18.3 

147.3 

69.1 

31,1 

8.7 

824.5 

436,8 

217,6 

70.2 

406,7 

172.9 

26.4 

4,2 

1.8 

,2 

.1 

1.0 

2,0 


2,0 

3,5 


5*« 

1,0 


'Ui  hj  w 


. SAM  PL 

-A  C 

-  MFC 
f'  PRIME 
h P CODE 

A  <f, 

, 

0°-.l° 

|0_  ,,0 

31B44C4C 

5 

,63270.0 

5.0 

1C1C.5 

29C.fi" 

J1B44C4C 

.63270,0 

20.0 

703.  3 

185.8 

io*>'*C4€ 

3 

.63270.0 

20.0 

41.4 

10.6 

31644C4C 

4 

,63270.0 

20*0 

58.9 

24.3 

31B44C4C 

5 

,63270*0 

20.0 

1275.4 

304,9 

31644C4C 

SL 

.63^70.0 

4  u  .  w 

1151.5 

545.6 

51844C4C 

3 

.63270,0 

*  A  A 

38.5 

11.4 

5  i04=t  C4l, 

4 

,63270,0 

40.0 

75.1 

39. C 

31«44C*>€ 

5 

,63270,0 

40.0 

1017.2 

357.4 

31644C4C 

£- 

.63270,0 

60,0 

826.7 

748.5 

31844C4C 

3 

,63270,0 

60.0 

143,9 

56,4 

31b44C4C 

4 

*63270.0 

60.0 

42.2 

49,3 

3I844C4C 

5 

.63270,0 

60.0 

2057. 3 

916.7 

31S45C2C 

2 

*63270,0 

5,0 

1529.7 

505,2 

31845020 

3 

,63270,0 

5,0 

28.8 

26.1 

31845G2C 

4 

.63270,0 

5,0 

56.5 

19.1 

31845020 

5 

*63270.0 

5,0 

827. B 

625.4 

31845020 

2 

.63270.0 

20.0 

1467.5 

412.3 

3I845C2C 

3 

.63270,0 

20,0 

57.2 

35.9 

31645020 

4 

.63270.0 

20.0 

51.4 

19.2 

31B45Q2C 

5 

,63270,0 

20.0 

1354.2 

934.7 

31B45C2C 

2 

,63270,0 

40,0 

2192.9 

1117.6 

31845020 

3 

.63270,6 

40.0 

60.7 

*1,7 

31845020 

4 

,63270,0 

4C.0 

122,7 

67,3 

31845020 

5 

,63270.0 

40*0 

1248. 7 

813.9 

31645C2C 

2 

.63270.0 

60.0 

1531.3 

689,3 

31845C2C 

3 

.63270.0 

60.0 

47.9 

39.7 

31845C2C 

4 

.63270.0 

60. C 

82,4 

63.3 

31845G2C 

5 

.03270,0 

60,0 

973.4 

826.1 

31846020 

2 

.63180.0 

5.0 

412,7 

56C.fi 

31046C2C 

3 

.63180.0 

5,0 

32*9 

19.9 

31846020 

4 

.63180.0 

5,0 

13,2 

IS. 7 

H046U2C 

5 

.63180.0 

5.0 

1313,1 

730. C 

31046C2C 

2 

.63180.0 

20,0 

620,6 

623. C 

31846020 

3 

.63180.0 

20.0 

40. C 

18.0 

31646020 

4 

.61180.0 

20.0 

154,5 

97,6 

31846020 

5 

,63180.0 

20,0 

1663.6 

668,1 

31846020 

*3 

4. 

,63180.0 

40,0 

1549.7 

804.6 

3184602C 

3 

.63180.0 

40,0 

32,1 

31.7 

31846C2C 

4 

.63160.0 

40,0 

60,2 

38.0 

318*6020 

5 

.63180.0 

40,0 

515.  t 

521,0 

31846020 

2 

.63180.0 

60.0 

2383,0 

1390.0 

31H4604C 

3 

.63180.0 

60.0 

99,8 

62.* 

31-846020 

4 

.63180,0 

60,0 

117,5 

68,7 

3184602C 

5 

.63180.0 

60*0 

2265. G 

1285,1 

31847020 

2 

.63180.0 

5.0 

1932,4 

811.6 

31847020 

3 

.63180.0 

5,0 

34,6 

16,2 

3194702C 

4 

,63160,0 

5.0 

49.2 

19,8 

31347C2C 

5 

.63180.0 

5,0 

1315,1 

574,4 

31847020 

2 

.63180.0 

20,0 

1843,2 

893*7 

31847020 

3 

.63180,0 

20,0 

39.2 

19,0 

31847C2U 

4 

.63180,0 

20.0 

51.5 

23,6 

3 184 70 20 

5 

.63180.0 

20.0 

1744,5 

703.0 

31847020 

«s 

£ 

.63180.0 

40,0 

2175,5 

1141,0 

31847020 

3 

,e3i80.0 

40*0 

50,9 

27.1 

31847020 

4 

.63180.0 

40.0 

68,6 

35,5 

31847020 

5 

.61180.0 

40.0 

1727,5 

895,2 

21847C2G 

■1 

4. 

.63180.0 

60.0 

1658*9 

965.4 

318*7020 

3 

.63180.0 

60,0 

61.6 

38,4 

31847020 

4 

.63180.0 

60,0 

99.4 

56.7 

3184 7020 

5 

.63180.0 

60,0 

1033,7 

631,7 

3° -.4° 


rs^ 

A  i 


.7-1.0 


85*8 

85.5 

2.3 

2.5 

93.5 

149.3 

3.5 

7.8 
ICO. 5 

470.9 

6.2 

35.0 

126.5 

45.7 

9.0 

2.8 

188.4 

67.6 

8.2 

4.4 
203.0 

293.5 

17.7 

23.3 

314.5 

574.7 

14.1 

34.6 

946.9 

164.9 
4.3 

7.1 

135.9 

95.1 

3.2 

13.7 
83.5 

204.2 

10.0 

8.6 

79.1 
485,0 

23,9 

25.4 
497*3 

63.3 

3.7 

2.2 

131.3 
175.0 

3.9 

4.1 

123.2 

202.4 

7.5 

6.8 

260.4 

557.7 

20.7 

32.3 

351.6 


26.1 

161.9 

2.5 
11.0 
52.3 

6.6 

1.3 


.6 

4.3 

42.3 

l.a 

4.4 

32.4 

232.9 
10.2 
12.8 

217.9 

6.4 
.5 
.5 

14.1 
5.9 

.4 

1.5 

7.1 

11.1 

1,4 

,4 

22.9 
108.2 

9.0 

6.2 

178,6 

15.9 


32,9 

255.4 

7.1 

13.8 


o<'SiVNO,<0min^ina)<O'OMN<r4m|NAN  to  en  <#>  mt  to  p.  p.  o  **  „  9  o*  <ni  u%  <#  <*»  *v  -if  e*  <f>  f**  «#■  if-  <w  <*»  o*1  *■*  w  #**  «-*  #  01  ia  o*  <f  ia 


oa  O 


to  <  Sa 

;U 

i  A  0 

9 

0°-.l° 

,0  0G 

.  L 

-  *  -  -= - ,  r  - 

3184704C 

rH  i  1  w  #"  d — 

2  ,63270*0 

5,0 

605,7 

a 

518,1 

218*9 

318X7040 

3  ,63270,0 

5,0 

5,1 

12,0 

10,1 

31847040 

4  ,63270.0 

5*0 

19,4 

21,1 

10,5 

31847040 

5  ,63270.0 

5,0 

317.2 

580,6 

392.7 

31B4704C 

2  .63270,0 

20,0 

1043.4 

739.5 

243,5 

31B47C4C 

3  ,63270.0 

20,0 

28.4 

20.2 

5*6 

31847Q4C 

4  ,63270.0 

20.0 

36.0 

26.6 

9,8 

31347040 

5  *63270*0 

20.0 

1421.1 

872,2 

168,9 

31847C4C 

2  ,63270.0 

40,0 

1844.5 

882,4 

306*9 

31847C4C 

3  ,63270.0 

40*0 

62.1 

28.2 

8,3 

31B47C40 

4  ,63270,0 

40,0 

72,6 

39.4 

15,4 

31847040 

5  ,63270.0 

40,0 

2164.0 

955.7 

249,8 

31847C4C 

2  .63270.0 

60,0 

1124.0 

1019,6 

464*5 

31847040 

3  .63270.0 

60,0 

29,3 

26.5 

13,9 

31847C4C 

4  ,63270,0 

60.0 

33,9 

36.3 

18*1 

31847040 

5  ,63270*0 

60,0 

957,3 

857.7 

433*1 

31844C2CX  2  .63180.0 

5,0 

1526,9 

573.8 

47*0 

31844C2CX  3  .63180,0 

5,0 

37,6 

15.7 

5*3 

31B44C2CX  4  *63180.0 

5,0 

49.0 

17.5 

1*3 

31844C2CX  5  .53180.0 

5,0 

933*4 

456.1 

118,7 

31844C20X  2  *63180,0 

20,0 

1638,4 

624.2 

49.4 

3i8*4C2CX  3  *63180,0 

20,0 

19,6 

14.8 

1.4 

3184402CX  4  .63180.0 

20,0 

64*6 

22.8 

1.8 

3194402CX  5  .63180,0 

20,0 

1051,0 

528.4 

65*3 

3184402CX  2  *63180*0 

46.0 

1546*9 

807.0 

262.8 

31844C2CX  3  ,63180.0 

40.0 

58,6 

26.3 

3,3 

31B44C2CX  4  ,63180,0 

40,0 

71.8 

42.4 

16,5 

31844C2CX  5  ,63180.0 

40.0 

971*6 

491.3 

108.4 

31844C2CX  2  .63180*0 

60.0 

1596,3 

953.9 

483*4 

31844C2CX  3  ,63180*0 

60.0 

66*6 

35.9 

22*0 

3184402CX  4  ,63180.0 

66.0 

112.6 

67.1 

38.4 

3184402CX  5  .63180.0 

60.0 

762.0 

441,6 

231,8 

3184403CX  2  .63270*0 

5.0 

608,5 

301.4 

72.1 

3184403CX  3  .63270.0 

5.0 

6.8 

8,8 

5,5 

3184403CX  4  ,63270.0 

5,0 

19,1 

8,0 

1.4 

3184403CX  5  .63270,0 

5.0 

246,9 

298,7 

161.2 

3184403CX  2  .63270.0 

20,0 

744.9 

261.8. 

34*1 

31S44C3CX  3  .63270.0 

20.0 

39,5 

12.0 

1.3 

3184403CX  4  ,63270*0 

20.0 

23.9 

8.6 

1.0 

31844G3CX  5  .63270,0 

20,0 

938.0 

349.1 

58*6 

3184403CX  2  .63270,0 

40.0 

421.5 

198,2 

39.1 

31844C3CX  3  .63270,0 

40.0 

79,9 

31,1 

4.9 

3184403CX  4  .63270*0 

40.0 

15.3 

7.2 

1,1 

3194403CX  5  .63270,0 

40*0 

1257.2 

606.3 

149.1 

31844C3CX  2  .63270.0 

60.0 

243,6 

160,9 

62.7 

3184403CX  3  .63170.0 

60.0 

215,1 

94.9 

21,4 

-.1 


,7° -1.0° 


31B4501CX 


31B44C3CX  4 


3 

4 


31S4501CX  5 


3 

4 


.63270*0  60.0 
60.0 
5.0 
5,0 


,61270.0  20,0 
,63270.0  20.0 
,63270.0  40,0 
,63270.0  40,0 
,63270.0  40,0 
,63270.0  40,0 
,63270.0  60.0 


U.7 

2191.3 

735.2 

18.6 

19.6 

544.8 
704.4 

17.6 
18,0 

880.8 
...  3 

18*8 

13.9 


222.6 


1413.0 
372,0 

14.8 
10.2 
361.0 

390.6 
9.4 
9.9 
453.0 

212. 8 

14.2 
7*9 
540.0 

136.3 


524.2 

78.7 

3.2 

2.0 

148.3 

138.4 

3.4 
3.0 

156.8 

76.8 

7.5 


57.7 


58.0 

4.0 

3.1 
135,6 

47.7 

.9 

2.1 

27.4 

114.1 

2,8 

6,1 

78,0 

204.1 

5,3 

8.9 

146.2 

12.8 
.8 
.4 

18.5 

14.4 

•  3 

.4 

17.1 

46.7 
*5 

3,0 

24.3 

231.3 

12.7 

18.1 

129.4 

15,2 

1.1 

.2 

30.6 

6.1 
.3 
*2 

10.5 

6.1 

,4 

•  2 

13.7 

6.8 
4,0 

.3 

118,6 

17.6 
,8 
,5 

40.9 

26.6 
.7 
.7 

35*8 

19,5 

3.4 


24, 


7, 
67, 

1. 

3. 
36.3 

5.7 
.2 
.2 

6.1 

6,0 

.1 

.1 

6.5 
6-3 

.2 

.3 

6.8 
43.7 

3.4 

2.6 
35.2 

5.0 

,3 

.1 

6,0 

2.2 

,1 

,1 

3.6 

2.2 


3.8 

2.4 

.3 

.1 

6,6 

5,1 


3,9 

5,3 


4,1 


24.9 


263 


2  y  RS  H 

Cft  «£  5fi  #4. 

X  4  a 

ft*.  1© 

a?  •  i 

I184SGICX  3 

.8327-3,0  60,0 

56,  l 

3i8450iCX  4 

,63270,0  60,0 

3.2 

3184501CX  5 

,63270.0  6C.3 

3470,7 

31  n6C  iC*  2 

.63180.0  5,0 

SC5.2 

3184601CX  3 

.63180.0  5,0 

25,0 

3I-84601CX  4 

.63180,0  5,0 

42*2 

3184e0iCX  5 

.63180.0  5,0 

749,5 

31B46C1CX  2 

,63180.0  20,0 

159,1 

3184601CX  3 

*63180,0  l0*0 

56,7 

3184601CX  4 

.63180,0  20*0 

36,2 

3184601CX  5 

,63160.0  20,0 

1423,9 

31846C1CX  2 

.63180.0  40*0 

387,9 

31846C1CX  3 

*63180.0  40,0 

93*6 

31B46QICX  4 

.63180.0  40,0 

27*2 

318460ICX  5 

*63180,0  40*0 

2323,2 

3184601CX  2 

,62180.0  60.0 

322*6 

318460LCX  3 

,63180.0  60*0 

189,8 

31844C1CX  4 

,63180*0  60*0 

8*1 

31-.46CICX  5 

,63180.0  60.0 

4121.4 

3UJ47C1CX  2 

,63180.0  5,0 

804.1 

3I847C1CX  3 

,63180,0  5.0 

23*2 

3i84fClCX  4 

*63180,0  5,5 

28.8 

31847C1CX  5 

* 63180,0  5*0 

872*8 

3l84fClCX  2 

*63180,0  20,0 

1146.3 

31 34 7 Cl C*  3 

.63180,0  20.0 

17.8 

3184IG1CX  4 

*63180,0  20,0 

48,3 

31 S4731C.X  5 

,63130*0  28*0 

642.0 

31847C1CX  2 

.63180*6  40.0 

340,3 

3184TC1CX  3 

.63180*0  40,0 

31. C 

31847G1CX  4 

•63180*0  40.0 

14,9 

3ia4TCltX  5 

*63180.0  40.0 

706, i 

31847C1CX  2 

, 63160, 60.0 

433,5 

3i847ClCX  3 

.63180*0  60*0 

259,6 

31847CICX  4 

*62160*0  60,0 

9,4 

31347CICX  5 

,63160,0  60.0 

1378,9 

3184TC3CX  2 

,63  90,0  5,0 

893,3 

31347C3CX  3 

,63  90,0  5.0 

24.0 

3if4?C3CX  4 

,63  90,0  5.0 

31,7 

31847C3CX  5 

*63  90.0  5,0 

1467.9 

3L847C3CX  2 

,63  90,0  20.0 

1006,4 

31847C3CX  3 

*63  90.0  20.0 

31.1 

31347Q30X  4 

*63  90*0  20.0 

33.7 

31847C3CX  5 

.63  90,0  20.0 

1620.2 

3184703CX  2 

,63  90*0  40*0 

248.7 

3184703CX  3 

*63  90,0  *0.0 

88,0 

3184703CX  4 

,63  90*0  50*0 

6.9 

3I84703CX  5 

.63  90,0  40.0 

4077.2 

31847C3CX  2 

.63  90.0  60,0 

561.fi 

31847C3CX  3 

.63  90.0  60.0 

60,3 

31847030X  4 

*63  90,0  60*0 

16,0 

3I84703CX  5 

.63  90.0  60,0 

3533.5 

J1844C90  2 

4.06  .0  5*0 

1131,9 

31844090  3 

1*06  .0  5*0 

11.8 

31844090  4 

1.06  .0  5,0 

12.2 

31844C9C  5 

1,06  *0  5,0 

1466,6 

31844090  2 

1.06  ,0  10,0 

147.0 

31844090  3 

1,06  .0  <0*0 

17,1 

31844040  4 

l,0o  *0  <0*0 

18,5 

31844090  5 

1.06  .0  10,0 

2127.0 

31844090  2 

1,06  ,0  40,0 

413-9 

31144090  3 

1,0b  ,0  40*0 

6,5 

,a°T.3° 

*4°-.7°  , 

- ■ 

33*5 

10,2 

4,1 

*9 

1.9 

,8 

,4 

,3 

1951,7 

406,7 

111*4 

63,2 

413,5 

121.1 

16*8 

3,1 

13.2 

4.1 

,7 

,1 

20.5 

4,6 

,8 

,2 

435.9 

146.0 

25,6 

2,2 

343.5 

139,3 

31.7 

4*4 

21,2 

3,2 

,1 

*2 

18.5 

6.8 

1,3 

*3 

561.0 

97,8 

9.4 

3,3 

226,2 

56,9 

8,8 

3,4 

41.3 

8.1 

1,2 

•  2 

15,4 

3,7 

,6 

,3 

995.1 

220.1 

33,5 

4.3 

162.9 

58.4 

21.9 

11.0 

122,8 

42,4 

7,9 

1,2 

4*2 

1.5 

1.1 

1.2 

2660.0 

833,9 

158.9 

25*8 

337*8 

§1*4 

6,7 

2.4 

13*6 

1.2 

.2 

,1 

13,5 

2,1 

.3 

,1 

580,9 

64*4 

4,1 

2-0 

430,6 

40,8 

5,7 

2,3 

15*6 

,9 

.2 

,1 

16*3 

1,3 

.2 

,1 

565*3 

39*5 

3,7 

2.4 

198.0 

11*4 

2.2 

2.0 

16*2 

•  4 

.2 

.2 

0*5 

*7 

,3 

,2 

363*3 

12,9 

3.6 

3,3 

164»2 

16.3 

3,7 

2,8 

60*3 

4,7 

,9 

.9 

3.7 

•  4 

,3 

,3 

781*0 

44*6 

7.8 

5,2 

391*3 

50*3 

4,1 

1.1 

9.C 

,9 

.1 

,1 

11,3 

1*8 

*2 

,1 

405,7 

20.5 

1.6 

1.1 

265.3 

11.1 

1,4 

1,0 

6.2 

*4 

,1 

,1 

9*3 

*7 

*1 

.1 

273.4 

i4.9 

1,8 
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B  l*n% 

5,0 

775.0 

210.0 

32.6 

7,5 

4 

3190403* 

%  X^tiS 

* 

9- 

310.6 

307,4 

?0,0 

8,4 

4 

3140401* 

5  1.01 

.0 

5,0 

34998,3 

9067 *1 

1315,0 

237,4 

9% 

3190403* 

2  1,86 

.0 

20.0 

29293,3 

10720,3 

2647,8 

471.5 

87 

1190403* 

J  1,86 

,9 

20,0 

411,4 

300,5 

70.7 

16,4 

# 

1190403* 

*  1*86 

*1? 

20*0 

543.1 

206.2 

54,3 

12,7 

3190*01* 

5  1,06 

,0 

20.0 

11605,1 

12114-4 

3318,1 

768,  T 

If# 

3190*03* 

2  1,86 

,0 

40*0 

5770.0 

iifUtl 

ifiif.3 

1104,1 

#31 

1198*03* 

J  1.86 

.0 

40.0 

581.8 

ISf  al 

49,4 

16,5 

i 

1198401* 

%  X*(ifi 

*0 

40,0 

1146,1 

4iis,t 

3499*  6 

752,3 

115 

3198*03* 

§  1*06 

.0 

40,0 

27575.1 

7756,7 

1691,6 

535,2 

161 

31984113* 

2  1,96 

*¥ 

60,0 

*6451*1 

412*7,6 

1*141,6 

1717,3 

82# 

1190453* 

3  1.96 

* 

^0*0 

233*4 

216,1 

143*6 

W*i 

as 

3190403* 

4  1,0* 

«4J 

60,0 

1121.5 

1QM.6 

310,6 

62*6 

24 

319C4C3* 

5  1,06 

#0,0 

10501,5 

•395,4 

1315,0 

1531,7 

4#9 

Appendix  E 

BIDIRECTIONAL  REFLECTANCE  MEASUREMENTS  AT  10.6  pm 

A  computer  listing  of  the  bidirectional  reflecian^  data  (p‘)  acquired  at  10.6  pm  is  reported. 
At  10.6  pm  all  />'  data  were  measured  with  a  fixed  btetaiie  angle  o£  0,20  degree;  Le.,  the  angle 
!  ie  source  and  receiver  was  fixed  and  the  sample  was  rotated.  The  bistatic  angle  ( fs ) 

■  .v.ricted  in  Figure  E-l,  For  a  given  scan  plane,  the  relationship  between  ii  and  the  source  and 
.-tver  zenith  angles  (Sj  and  $  ,  respectively)  can  be  expressed  as 


where  0,  necessarily,  takes  on  both  positive  and  negative  values  while,  by  definition,  fi.  and  0 
are  always  positive.  The  sign  of  0  changes  when  the  azimuth  angle  shifts  by  130°  as  the  re¬ 
ceiver  passes  through  the  sample  normal  as  demoted  in  Figure  E-l. 

The  measured  data  found  in  this  appendix  has  bean  placed  into  the  standardized  ERAS  format 
for  which  computer  listings  are  found  in  the  tabulated  data.  A  summary  of  the  tab-.«tuons  given 
in  Table  E-l  also  gives  the  significant  measurement  parameters  used.  The  data  tabulation  is 
basically  that  of  the  ERAS  format  which  is  described  in  Appendix  F.  Although  complete  data  are 
not  presented  in  the  tabulation,  measurements  of  the  cross-polarized  components  (PCODEs  3 
and  4)  were  attempted  for  the  specular  samples.  The  values  measured  were  below  the  peak  by 
a  factor  of  100  and  were  ambiguous,  because  this  factor  is  comparable  to  the  extinction  of  the 
wire  grid  polarizer.  Thus,  it  is  impossible  to  determine  whether  the  measured  energy  is  due 
to  the  depolarized  component  or  polarizer  leakage.  Therefore,  the  depoliu.zed  data  is  ambiguous 
and  is  not  presented. 

The  following  example  i&  used  to  illustrate  the  interpretation  of  the  tabular  data  contained 
herein.  An  exerpt  from  the  data  tabulation  is  shown  in  Figure  E-2  for  illustration. 

In  Figure  E-2,  the  sample  number,  area  condition  number,  etc.,  are  all  given  using  the 
standard  ERAS  format  {Appendix  F).  In  the  example  it  should  be  noted  the  columns  16  and  17 
are  being  used  to  denote  the  measurement  curve  "run  number"  and  18  the  data  set  number. 

For  each  data  curve  acquired,  a  "run  number"  was  assigned,  and  all  data  utilizing  a  specific 
"run  number"  have  been  used  in  reconstruction  of  the  data  curve.  In  most  cases  where  the  bi¬ 
static  angle  (0)  is  fixed,  up  to  three  data  sets  are  necessary  to  mechanically  enter  the  informa¬ 
tion  into  the  ERAS  format.  This  is  apparent  from  Figure  E-l,  if  a  scan  of  the  detector  and 
source  is  made  which  extends  from  one  side  of  the  sample  normal  to  the  other  in  a  given  plane. 
Here,  it  is  noted  that  the  azimuth  parameters  of  both  the  source  (#.)  and  receiver  (#r)  change 
at  different  times.  Therefore,  changes  in  the  independent  parameters  (YCODE2)  are  required, 
thereby  generating  a  new  data  set.  The  second  significant  change  is  that  the  source  zenith 
angle  (fi.)  is  replaced  by  the  value  of  6  since  both  6,  an?.  6  are  dependent  functions  in  the  fused 

i  i  r 

bisiatic  measurement. 
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Preceding  pap  blank 


To  further  illustrate,  the  data  in  Figure  E-2  are  plotted  in  Figure  E-3  which  shows  that 
portion  of  the  curve  which  relates  to  a  particular  data  set.  In  all  cases  the  data  are  contained 
on  the  lines  corresponding  to  the  “92  card"  inputs  with  the  data  values  (p’)  being  preceded  by 
the  measurement  angle  (<?  ).  Six  spaces  are  allowed  for  each  angle  and  data  values  as  shown 
in  Figure  E-3  and  explained  in  Appendix  F. 
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FIGURE  E-l.  FIXED  BISTATIC  ANGULAR  REPRESENTATION 
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TABLE  E-l .  MEASUREMENT  SUMMARY  OF  10.6  {im  BIDIRECTIONAL  REFLECTANCE  DATA 


Description 

Sassple  Ho. 

Area 

PC0DE 

S-r 

TRW  2nd  Surface  Mirror  Array 

3165 

505 

O  % 

*■»* 

.00 

180.00 

TRW  2nd  Surface  Mirror  Array 

3165 

605 

2,5 

.00 

180.00 

TRW  2nd  Surface  Mirror  Array 

3165 

iUj 

a*  f 

.00 

180.00 

Altrainica  Trln  Tape  Strips 

3177 

901 

2,5 

.00 

180.00 

Aluninum  Tris  Tape  Strips 

3177 

902 

2,5 

90.00 

270.00 

Solar  Cell  Array,  H-Type 

3179 

503 

*i  z 

.00 

180. CO 

Solar  Cell  Array,  K-Iypa 

3179 

603 

.00 

180.00 

Solar  Cell  Array,  H-Type 

3179 

703 

2,5 

.00 

180.00 

Solar  Cell  Array,  C-Type 

3181 

503 

2.5 

,C0 

Solar  Cell  Array,  C-type 

3181 

603 

2,5 

.00 

180.00 

Solar  Cell  Array,  C-Type 

3181 

703 

2,5 

.00 

180.00 

Solar  Cell  Array,  H-Type 

3182 

410 

2,5 

.0 

180.00 

Solar  Cell  Array,  H-Type 

3182 

310 

2,5  . 

.00 

180.00 

Solar  Cell  Array,  H-Type 

3182 

610 

2,5 

.00 

180.00 

Solar  Cell  Array,  H-Type 

3183 

505 

2,5 

.00 

180. 00 

Solar  Cell  Array,  H-Type 

3183 

605 

2,5 

180. 00 

Solar  Cell  Array,  H-Type 

3183 

705 

2,5 

.00 

Solar  Cell  Array,  C-Type 

3184 

2,5 

180.00 

solar  Array,  0— Type 

3184 

513 

2,5 

.00 

180.00 

Solar  Cell  Array,  C-Type 

3184 

613 

2,5 

180,00 

Solar  Cell  Array,  C-Type 

3185 

505 

2,5 

,u0 

180.00 

Solar  Cell  Array,  C-Type 

3185 

605 

2,5 

I80.OO 

Solar  Cell  Array,  C-Type 

3185 

705 

2,5 

.00 

180.00 

Aerojet  "1  Surface  Mirror 
Array- 

3189 

502 

2,5 

.00 
ISO. 00 

Aerojet  Ini  Surface  Mirror 

Art  ay 

3189 

m ■ 

602 

2,5 

HO 

180.00 

MW'itmuiiiiw  ri"P  i'WjnW'WHii'iilC 


Tau  E-1.  HEausEKEST  sraam  OP  10-6  W  BlOISECnOSa  «olecx».  Mtt.  (-*— 


Description 


1 

Aerojet  2nd  Surface  Mirror 

3189 

Array 

- 

Aerojet  2nd  Surface.  Mirror 

3190 

1 

Array 

Aerojet  2nd  ^uttsc6  Mirror 

3190 

* 

Array 

i 

Aerojet  2nd  Surface  Mirror 
Array 

3190 

! 

Atrolet  2nd  Surface  Micro* 

3194 

4 

Array 

s 

Aerojet  2nd  Surface  Mirror 

3194 

* 

Array 

1 

Aerojet  2nd  Surface  Mirror 

3194 

Atfsf 

M  Black  Velvet  Paint  1Q1-C10 

3197 

Aerojet  White  Paint  .008-. 010 
thick,  telescope  Substrate 

3206 

Aerojet  White  Paint  .00S-.0J0  3207 

thick,  telescope  Substrate 


.00 

180.00 


.00 

180.00 

.00 

180.00 

.00 

180.00 

.00 

180.00 


4031655055 0 0 1 

6  54 

A03165^C551C1 

T RW  SECOND  SUi 

»FACg  RlftROR 

ARRAY. 

AO3ib55C59«0i 

441 

7  2 

,28  .28 

1  10,6 

-.26  .00 

AG31655CS92  1 

441 

.2835,405 

40  3 164  5G590C1 

442 

7  2 

.00  .23 

11  10,6 

-.261 BO. OP 

A031655C692  1 

442 

.001203.9 

.031416.4 

,0614*6.4 

,062053.7 

*0316550592  2 

44? 

.124390.7 

.144674,0 

.154390,7 

,172032.7 

*0316556492  3 

442 

.23283,27 

40316540  j9001 

443 

7  2 

.00  -17 

6  10.5 

.26180.00 

*uii655fa92  l 

443 

.001203.5 

.031558.0 

,07779.00 

.10283.27 

4031655  592  2 

443 

.1735,465 

*0  316450  *9001 

931 

7  5 

.27  .47 

5  10,6 

“*26  *  yu 

*03165405-,  ■*  1 

931 

.27701.27 

.31428.56 

.36740,23 

. 39857 ,11 

4031656654001 

93? 

7  5 

,05  .23 

11  10.6 

-.26180,00 

40316350592  1 

982 

*05311,68 

.07779.19 

,092649,3 

.104051.fi 

40316550552  2 

982 

*135766.0 

.145296.5 

,163428,4 

.182649,3 

*0316550592  3 

982 

.23357.11 

6031655CS9001 

983 

7  5 

,02  .12 

i.  10*6 

•26160.00 

*0316550592  1 

983 

.02155,84 

.1277.919 

4031656055001 

5  94 

*031656055101 

Tftfc  SECOND  SURFACE  MIRROR 

ARRAY. 

*031656059001 

452 

7  2 

.02  .23 

14  10.6 

-.26160.00 

403*6-560592  1 

452 

.02466,70 

.05359,00 

.081148,8 

.101723,2 

40316560592  2 

452 

.124144,4 

.134595,2 

.144164,4 

.153302,8 

*0316560592  3 

452 

.171005.2 

,18287.20 

,20143,60 

.2335,900 

*031656059001 

453 

7  2 

.01  .20 

6  10.6 

•  261 30*  00 

*0316560592  l 

^.53 

•  01430*  80 

.051292,4 

.09718.-00 

.12215,40 

*0316566592  2 

453 

.2035*900 

*031656059001 

971 

7  5 

*2-0  .33 

2  1C. 6 

-.26  .00 

*0316566592  1 

971 

.23156.12 

.3378,061 

*031656059001 

972 

7  5 

.03  .23 

15  10.6 

-.26180-00 

A031656C59 2  1 

972 

.03535.45 

.061209.9 

.082029.6 

.093200.5 

*0316560592  2 

972 

.115484.2 

,126088.7 

.136440,0 

.146080,7 

*0316566592  3 

972 

.163200.5 

.172185.7 

.181092*8 

.20702.55 

A031656C590C1 

973 

7  5 

.02  .17 

3  10,6 

.26180.00 

*0316566592  1 

973 

.02507.39 

.071*9. is 

,1778.051 

*031657655001 

7  94 

*031657055101 

TRW  SECOND  SURFACE  RIRROR 

ARRAY. 

*031657059001 

4  32 

7  2 

.01  .26 

14  10.6 

-.26180.00 

*0316570592  1 

432 

.011382.0 

.041831.1 

.073593.2 

• 104698, S 

40316576592  2 

$32 

.155528.0 

.166219.0 

.176149,9 

,185113.4 

*0316570592  3 

432 

.202073.0 

.21829.20 

.24414,60 

.26103.65 

4031657059001 

433 

7  2 

.02  .07 

3  1G.6 

•26160,00 

*0316576592  1 

433 

.02483.70 

.04207.30 

,0769.100 

4031657059001 

552 

7  5 

■02  .21 

11  10.6 

-.26180.00 

*0316570592  1 

952 

.022333.3 

.043305,6 

.053402.8 

.094061,1 

*0316570592  2 

952 

.126222.2 

.137583.3 

,147000,0 

.163806.9 

403I657C592  3 

552 

,23388.89 

4034657059001 

953 

7  5 

.02  .04 

2  10.6 

,26160.00 

403*6570592  1 

953 

.02593.33 

.04388.69 

*031657059001 

961 

1  5 

.26  .26 

1  10.6 

-.26  .00 

*0316570592  1 

961 

.2595,455 

*031657059001 

962 

7  5 

.03  .26 

13  10,6 

-.26180,00 

*0 *16576592  l 

962 

•032863.6 

.054200.0 

.074009.1 

.084200,0 

40316570592  2 

962 

.119545.5 

.1210977. 

,1310362. 

.149927.3 

*031657059?  3 

562 

.182100.0 

,22311.62 

,2695.455 

403t6STC5900l 

963 

7  5 

.02  .01 

2  10.4 

.26180,00 

40316576592  1 

963 

,02572.73 

.0895,455 

*031779615001 

6  94 

*031779615101 

AtURINUN  TS IN 

TAPE  STRIPS, 

*0 11 719019001 

481 

7  2 

*26  ,93 

15  10.6 

-.26  .00 

.00 


.00 

. 103682.5 
.201416.4 

180.cn 

. *2 141 .64 

.00 

.47116.38 

,00 

.115142.7 

.102610.3 

180.00 


.00 

,112872,0 

,162207,6 


180.00 

.1771,300 

,00 

,00 

.104371.4 

.154683.8 

.23312.24 

180.00 


,00 

.145113.4 

,193455,0 

180.00 

.00 

# lu3»00. 0 
,181750,0 

180,00 

,00 

.00 

,095345.5 

,164963.6 

180.00 


.00 


280 


I 

*0n??9G192  1 

481 

.241112,3 

,231094.9 

,30695.17 

,32364,9? 

.34347*59 

40317790192  2 

481 

,35382,34 

.38312,83 

.43347.59 

*48139.03 

.51104,28 

A0317?4Sif2  3 

481 

,55121.66 

.6369,517 

.7352.138 

,8326,069 

#938*6897 

4031779019001 

482 

7  2 

•02  .26 

1C  10,4 

-.26180.00 

,00 

40317790192  1 

482 

,02590,90 

,03615,97 

,05538.76 

,07590,90 

.11403*41 

f  40317790*92  2 

482 

,16556.14 

,18738.62 

.20556.14 

.24903.72 

.251112.3 

4031779019001 

483 

7  2 

,01  ,67 

14  10.6 

,26180,00 

180.00 

40311790392  1 

483 

,01677.79 

,03556,14 

,05347.59 

,09486.62 

,13243,31 

4031 779C192  2 

483 

,17191.17 

,22104,28 

.27139.03 

,3169.517 

,35139,03 

A031779C192  3 

483 

,4252,138 

,4711.379 

.5734,759 

,678.6897 

A031779C190C1 

1021 

7  5 

.27  .98 

11  10,6 

-.26  .00 

6  4  3  31  7  7-.iCJ.92  1 

1021 

.27812,22 

.29734,88 

.33928,26 

,36696,20 

*38406.12 

*0317790192  2 

1021 

.43232.07 

,46135-37 

.53183,39 

.5858.017 

,63116,03 

*0317790192  3 

1021 

-9838,678 

*031779019001 

1022 

7  5 

.02  .23 

10  10.6 

-.26180.00 

*00 

40317790192  l 

1022 

.021102.3 

.06650,91 

.111044, 3 

,121276.4 

.141701.8  1 

■  40317790192  2 

1022 

,161624,5 

,171353,7 

.18928*26 

,22638.18 

.2^38,18 

■  4031779019001 

1023 

7  5 

,01  ,82 

11  10.6 

.26180.00 

*80,00 

IB  *0317790192  1 

1023 

.01812,23 

,04609,17 

.06657,52 

*08541.49 

.12367,44 

[  40317790192  2 

*17357.44 

,23580,17 

.27406.12 

,37193.39 

,5758.017  3 

■  *0317790192  2 

1023 

.8219.339 

“1 

p  4031779025001 

5  94 

j 

m  *031779025101 

ALUMINUM  TRIM 

TAPS  STRIPS 

• 

K  4031779029001 

491 

t  2 

.26  1,83 

25  10.6 

-.26  90.00 

90.00  1 

1  *0317790292  1 

491 

.26417.10 

,28364.97 

.32538.76 

.33625.66 

.38712.55 

J  40317790292  2 

491 

.43769.03 

.46573,52 

.48347,59 

,53330.21 

.56295,45 

p  40317790292  3 

491 

.58347.59 

,63547.45 

,65434.48 

.68295.45 

.74252.00 

■  40317790292  4 

491 

.73295.45 

,76278.07 

.78208*55 

,80130.34 

.9387.766  3 

p  *0317790292  5 

491 

1.0886.897 

1.2852,138 

1.3834,759 

1 .631 1.379 

1.838.6897  i 

i  *031779029001 

492 

7  2 

*01  *26 

11  10.6 

-.26273.00 

90,00 

■  *0317790292  1 

492 

.015*3.10 

,03495.31 

.08599,59 

,09451.86 

.12304.14 

|  40317790292  2 

492 

.16399.72 

.18259,38 

•20356.28 

.23434.48 

.25469.24 

40317790292  3 

492 

.26417.10 

t  4031779029001 

493 

7  2 

•02  1.1? 

30  10.6 

,26270,00 

270.00 

1  *0317790292  1 

493 

.02399.72 

.05338.90 

.08398,72 

,37278.0? 

.1520P  5 5 

40317790292  2 

493 

.17347.59 

,21582,21 

.22538.76 

.23521.3# 

.2559. -90 

5  40317790292  3 

493 

.27469.24 

•30312.83 

,33243.31 

.35330.21 

,37451.66 

1  *0317790292  4 

493 

.40295.45 

,42147.72 

,47182.48 

*52252,00 

.57173,79 

1  40317790292  5 

493 

.62121. 66 

•671C4.28 

.72147,72 

,77191.17 

,82130.34  J 

40317790292  * 

493 

.8795.586 

,9295,586 

.9778.207 

1.0721.724 

1,1717.379 

4031779029001 

1011 

7  5 

1.03  1,53 

6  10.6 

-.26  90.00 

90.0C 

E"  40317790292  1 

1011 

1.03243.22 

1,08162.15 

1.13364,83 

1.28222.95 

1.3iI82,  * 

l  40317790292  2 

1GU 

1.5381,074 

*031779029001 

1013 

7  5 

,72  .92 

49  10,6 

.26270.00 

270.00 

1  *0317790292  1 

1013 

.72263.49 

.93405.3? 

.86385,10 

,83608,06 

.78587, 79 

1  40317790292  2 

1013 

.74486.45 

,72729.67 

,681013.4 

.65709,40 

,581013.4 

*0317790292  3 

1013 

.551175.6 

,52932,36 

.49770.21 

,48993.16 

.451114.8 

*0317790292  4 

1013 

.43691,82 

,39628.33 

,36891*82 

.341054.0 

,31749.94 

r  *0317790292  5 

1013 

.301013,4 

,261216.1 

.23932.36 

.18790.48 

.171013.4 

*0317790292  6 

1013 

.161499.9 

,151886.3 

.111418,8 

*09891.82 

.07993.16 

B  *0317790292  7 

1013 

.04993,16 

,001155.3 

,02831.01 

.05445.91 

,10709,40 

*0317790292  8 

1013 

,13770.21 

*18810.74 

,21648,60 

.24668,86 

.26770.21  J 

*0317790292  9 

1013 

.30689.13 

,32608.06 

.35405,37 

.40*66,18 

.55162,15  1 

*031779029210 

1013 

.60304,03 

,77121,61 

,87131.75 

*9260.806 

f 

*031795035001 

6  94 

*031795035101 

SOLAR  CELL  ARRAY,  H-TYPi, 

*031795039001 

41 

7  2 

,26  .43 

5  10*6 

**46  « yn 

,00 

*0317950392  1 

61 

.26776,16 

.28701.53 

,33318.08 

.3889.557 

,4314.926 

*031795039001 

62 

7  k 

,00  ,26 

8  10,5 

00 

,00 

R  *0317950392  1 

62 

.001358,3 

,031223.9 

,051253.6 

.081164,2 

,131000,0 

1  *0317950392  2 

62 

,18820,94 

,23761.23 

.24774.16 

81 

r  Fr  in 

- 

J 

4031795C39001 

63 

7  2 

.00  .12 

9  10,6 

.26180.00 

180,00 

aOJlt(5CJS2  I 

63 

*001358*3 

.021293.6 

*07208,97 

,1229,352 

aC3i?95C3900l 

581 

7  5 

.26  ,43 

5  10.6 

**£§  syy 

,00 

40311950392  1 

50i 

*26633*66 

.30697.03 

,33591,42 

*  38§%*  489 

.43.00000 

*o3i  mcisoci 

502 

7  5 

.01  .26 

9  10,6 

-*26180,00 

.00 

4031 7950 392  l 

582 

.01337.95 

,03675,91 

*04i0I3i,j 

,051309.6 

.081316,5 

*03iT«50J9l  2 

582 

.131351,8 

•181C56.1 

,23802,64 

.26633.86 

a  i;  ; i 

583 

7  5 

*Wt 

1  10.6 

,26189.00 

180.00 

a  i;  ;**>:  5r«.;-  i 

583 

*0263.366 

A3l75:>C35t  !1 

3  94 

*cii;q6C35ici 

SOLAR  Cell  ARRAY r  H-TVPfc, 

A0H79&C390C1 

72 

7  2 

,03  ,23 

13  10,6 

-  ,26180,00 

,00 

ACJ179&C392  1 

72 

.0358.522 

.08497*44 

.09673.00 

,10319.31 

.11994,39 

40317960392  2 

12 

.121170,4 

.131316.7 

.141404.5 

,151237,5 

.161082.7 

*0317960 392  3 

72 

.17775*42 

.18585.22 

,237.3153 

*031 796C39001 

73 

7  2 

.02  .02 

1  10,6 

.26180.00 

180.00 

*0317960392  1 

73 

.0214.631 

*031796039001 

592 

7  5 

,03  *ie 

12  10,6 

-.26189.00 

.00 

*03 17960392  1 

592 

.03108,97 

.085*4,83 

.09871,73 

.102397,3 

,11*358.7 

*0317960392  2 

592 

.127191.8 

.113281.5 

,146499,4 

.156755,9 

,162615.2 

*0317960392  3 

592 

.17435,87 

,18217.93 

*031 797035001 

6  94 

*031797035101 

SOLAR  CfiLL  ARRAY#  K-TYPE, 

40 3 179 703900 1 

31 

7  2 

.28  .33 

2  10,6 

-.26  ,00 

.00 

*0317970392  1 

81 

,28886.70 

.33147.78 

*031797039001 

82 

7  2 

•01  .2» 

12  10.6 

-.26180.00 

.00 

*0317975392  1 

92 

*012216.7 

.032807,9 

.053103.4 

•082536.2 

•10243S. 4 

*0317970392  2 

82 

,122512.3 

.132938,4 

,162364.5 

*182536.2 

.203251.2 

*0317970392  3 

82 

*234131,5 

,253103,4 

A031797C39001 

83 

7  2 

,02  .12 

3  10,6 

.26130.00 

iso.00 

*0317970392  1 

83 

*021132.3 

.07221.67 

.1273.892 

*031797039001 

601 

7  5 

.28  .33 

2  10.6 

-.26  .00 

,00 

*0317970392  1 

601 

.28304.00 

.3343.429 

*031797039001 

602 

7  5 

.00  .24 

12  10.6 

-.25160.00 

*00 

*0317970392  1 

602 

.001563.4 

.032779,4 

,043908.6 

.083300.6 

.092909.7 

*0317970392  2 

602 

.103300,6 

.133337,4 

,152953.1 

.183474*3 

.224333.5 

*0317970392  3 

602 

.233387.4 

,242171.4 

*031797039001 

603 

7  5 

.00  .12 

*  10,6 

»461iO# Ou 

180.00 

*0317970392  1 

603 

,001563.4 

.02608.00 

.0743.429 

,1221.714 

*031-315035001 

2  94 

*03t0I$C3§lCl 

SOIAR  CELL  array,  c-type. 

*031815039001 

22 

7  2 

.06  .23 

13  10.6 

-.26180.00 

•00 

*0313150392  1 

22 

.0670, #26 

.08212.48 

.09849.91 

,102124.8 

,113541.3 

*03lBl»u392  2 

22 

.125524.4 

.136161.8 

.145666.1 

,154249.5 

.163116.3 

*0318150392  3 

22 

,172124.8 

.18991.56 

,23134.57 

*031815039001 

532 

7  5 

.03  .23 

13  10.6 

-.26180.00 

.00 

60318150392  1 

532 

.0359.012 

.08354.07 

.091180,2 

.102596.5 

,114957,0 

*0313150392  2 

532 

,126345,4 

.138261.7 

.148379.7 

,155429.1 

.163304.7 

*0318150392  3 

532 

,17944,19 

,18531.11 

.23118.02 

6031-316035001 

6  94 

*031316035101 

SCLAR  CELL  ARRAY*  C-TYPE, 

603181603900* 

31 

7  2 

,18  ,48 

5  10.6 

•*Iq  «0u 

,00 

*0318160392  1 

31 

.281014.4 

.33920.18 

,38492.70 

.43101,44 

,4814.491 

6031816039001 

32 

7  2 

.03  ,23 

5  10.6 

-.26110.00 

.00 

603I816C392  1 

32 

.03999,18 

,081043.4 

.131101.3 

.131123.1 

.231043,4 

*031316039001 

33 

7  2 

.02  .27 

2  *0*6 

.26180.00 

180.00 

603181*0392  1 

33 

,02854.97 

,06652,10 

.08695.57 

.10724.55 

.12637.61 

60318160392  2 

33 

,17231,86 

,2272.455 

.2721.73? 

60 *15 1*039001 

541 

7  5 

•28  .48 

6  10.6 

-.26  .00 

,00 

*0113160392  1 

541 

,28358,35 

,33768.27 

,37474,52 

.31542,30 

,43112,9* 

S0JI816C392  2 

541 

,4133.894 

.001129.8  .02999,22 

.12542.30  .11124.28 

9  99 

SOLAR  CILL  ARRAY,  C-TYPE, 


7C390C1 


*031 
AQ31817C392  2 
*031817039001 
*0318170392  1 
*03131 7039001 
*0318170392  1 
*0318170392  2 
*031817039001 
*0318170392  1 
*031824105001 
*031324105101 
*031824109001 
*0318241092  I 
*0318241092  2 
A031i2* 10400 l 
40318241092  I 
*03I«29 109001 
*0318241092  1 
*031824109001 
*0318241092  1 
*0318241092  2 
A 


,28403**4 
7  2 

,031095.6 
.131672.2 
7  2 

,02634.10 
.1757.663 

f  ^ 
2  £ 

.28554.46 


, 3386.495 
.03  ,23 
.081499.2 
.181383.9 
,02  .17 
*04634.30 

.28  .38 
,3373,929 


05720,80 


,28  .43 

.28610,38  ,33234,84 

?  5  ,01  ,23 

,011127,*  *m31€33.3 

.231409.0 

7  5  *02  ,22 

.02915.87  ,07305.29 

5  94 

SOLAR  CELL  ARRAY,  H-* TYP£ 
7  2  ,01  .2* 

.01740.77  ,06875.45 

.191582.6  .21824,95 

7  i  .02  .16 

,02606.08  ,06774.44 

7  5  ,26  .2^ 

.26182.74  .2891.371 

7  5  .03  .2* 

.031096,4  .081370,8 

.221461,9  ,231005,1 

7  5  .03  ,22 

.03822.34  .08868.01 

SOLAR  CELL  ARRAY,  M-TYPI 


,02  .22 

.07305.29 


.21824,95 
.02  .16 
,06774.44 
,2*  .28 
.2891.271 
.03  .2* 
,081370,6 
,231005.1 
.03  ,22 
.08868.02 


7  2 

.28538,74 
.52349,34 
.73134,69 
7  2 

.03521,91 


» 26277.79 
•4716.836 
7  § 

.28513.83 
.7822. 766 


.29  .93 
, 33§i6. 1 1 
,55361,97 
,78*8.925 
.03  ,23 
.01518, 74 
.02 

.07420, 


.071446, 

,23994,2 


|  J  I  *  * 

.2722,59 


,40|0y»ljv 

.111701. 

,211239. 

i261Bp.no 

,07576.* 


,04169.95 

.2245.192 


3  10,6 

.4314.416 
10  10,6 
.101643.4 
.191268,6 
6  10.6 
.06605.47 

3  10*6 

.3118.482 


.09480,54 

4  10*6  --- 

.3870,451  -43.00300 

6  10.6  -.261J0.00 

.081409,0  .131876*7 

5  10.6  ,26iB0«tii 

.1293,935  .1723.464 


9  is. 6 
,101010.1 
,23134.69 
5  10.6 

,10404.06 
2  l®-6 

8  10.6 

.151736.0 

.26182.74 


2548.22 


31696.65 


-.26180.00 

.141279.5 

.26.00000 

.26160.00 

.1467.393 


,26180.00 

.182352.6 


.00 

,182113.5 

180.00 

,2211,742 


,00 

,181734.1 

180.00 

,16,00006 

.00 

.00 

,192329,9 


123*3.5 


34"*.  A* 


5 

5 

1 


242 

7  2 

.03  .23 

5  10.6 

26160. CO 

,00 

242 

.03887,2? 

.08967,34 

*131017*4 

,181034.1 

,231017.* 

243 

7  2 

.01  .42 

9  10,6 

.26180,03 

180.08 

243 

,02750,52 

.07633.78 

,12483,67 

.17567.06 

*22433.64 

243 

*27163,46 

.3250.035 

,378,3392 

,42,00000 

781 

7  5 

.28  .63 

6  10,6 

-.26  .00 

,00 

781 

781 

.28815,48 

.6322,652 

.33679,57 

,58407,74 

,43283,15 

,5345,30s 

712 

7  5 

.03  ,23 

5  10,6 

-.261 80. 00 

.00 

782 

.031310. C 

,081291,2 

.121336*5 

.131200*6 

,23974.05 

783 

7  5 

,02  ,42 

9  10,6 

*26180.00 

180.09 

783 

.02338,13 

.07679,57 

.11543,65 

.14611,61 

,17543.6* 

783 

.22271,83  ,2790.609 

6  94 

SOLAS  CELL  ARRAY,  H-TYPE* 

.3233.978 

,4211,326 

101 

101 

7  2 

.2864,286 

•  28  ,33 

.3332,143 

2  10,6 

-*26  .00 

,00 

102 

7  2 

,03  ,23 

9  10,6 

-.26180.00 

.00 

102 

.031382.1 

.081869,3 

.132442,9 

.152635*7 

.172780.4 

A031I352S92  1 
6G3ii35£592  i 
AG31S3SCS9GC1 
40318350592  I 
io3iai5csf0oi 

*0318350592  i 
Au3lf 350592  2 


•182667*9 
7  2 

.021157.1 
.2732.1*3 
7  5 

.2*2293.9 
7  5 

,601720.* 
.182341*7 


.202185,7 
.02  *27 
.07964*25 

.24  ,38 
.2*1529.3 
,00  *26 
.032126,6 
.242508.0 


1.4  .021027 

84 

.  ASSAY.  H-TY 


238,66 


.211471.6 

6  10.fr 

.12996,43 

10*6 

3347.790 

10.fr 

071911,6 
262293,9 
10*6 

0747.790 


IBiB 

123977.7 


,23707.14 

.26180.00 

.17514,29 

-,26  .00 
,38,00000 
',26180.00 
, 102055,0 

*26180.00 

,12*000110 


.154773.2 

>26180,00 


180,00 

,2296.429 


,132055.0 

180.00 


*00 

>164136,8 


7  5  .03  *22  7  10*6  -.2&180.00 

.031808.1  *093013.5  .145002.5  .164580,6 

.201205,4  .22241,08 

7  5  .02  .23  4  10*6  .26180.00 

,021203.4  .071029.6  .14964,31  .2360,271 

2  94 

LAS  CELL  ASSAY,  t*-lTf*£, 

7  2  ,03  ,23  11  10.6  -.26180,-00 

.0337,875  ,08606.20  ,091811.0  .103030,0 

542.0 


180.00 


A«1»b5»C551uI  SOLAR  CELL  ti  £-Wt. 


ADliasTCSMtl 

172 

1  2 

.03  *21 

9  10.6 

-.26180.00 

.00 

40J1857C59Z  1 

172 

,031811.5 

, 051819.6 

•052659.1 

.113503.1 

,1*5269,1 

A03I8%?C5S2  2 

171 

.161983.1 

.173122,6 

.181717.1 

.21156.12 

4all85?C590CI 

ITS 

7  2 

.02  ,12 

i  I-..* 

,26i»o.e§ 

180.00 

A 0313576592  i 

173 

.01936.73 

,07156.12 

.1239.031 

A  jlI«?C>‘iOCi 

101 

1  3 

.28  .21 

S  11-4 

—  »£()  .00 

*  oc 

A> 31S57C592  1 

?0t 

,2®12S.44 

A03lB57C550ti 

702 

f  § 

*0C  *21 

It  10.4 

<■•26100.  CO 

.§0 

AG3IB57CS92  1 

102 

.§§1221. 0 

.022395.9 

.092222.0 

.052122.0 

,0535*9,8 

*8118570552  2 

102 

.126648.7 

.I367§5*3 

*146592.4 

.155925,2 

.ITS205.5 

soJialfC S5|  3 

701 

,l»I64.iO 

,2129i.«i 

tan  saics^s 

70S 

f  5 

*Qii  *  I f 

*  10.6 

•26100.00 

100.36 

*Ol!iffC5«2  1 

703 

. 002222. C 

,d2i£0**c 

.03370.33 

•12165*16 

,17123,44 

*allaaiC2liCI  5  99 


*0318*360292  1 
A031896C290C1 
A031896C292  1 
A031896C2"2  2 
AG3U96C092  3 
40318*3622900'. 
ADIiS V,C292  1 
-*0*i  i  /VOZSOCl 
aO,is*‘  .;251Cl 
ftOSl*-  •  "'02900  L 
A03189»02*J?  1 
A031897C292  2 
A031897C292  3 
A031897C29CC1 
A03V8970292  1 
403189702^2  2 
AC31897C292  3 
A031897C29001 
A031897C292  1 
A03 1904045001 
A031904G45101 
A03 1904C490C1 
A0319C4C492  1 
A0319040492  2 
A0319C4C492  3 
A0U9C4C492  4 
A0319C4C49001 
A031904C492  1 
A0319C4C492  2 
A03I904C492  3 
A0319C4C490C1 
40319C4C492  1 
A0319C5C450C1 
A03 19C5C45101 
A031905C49001 
A0319C5C492  1 
A03J  9C5C492  2 
A0219C5C492  3 
A0319C5C492  4 
A0319C5049001 
A0319C5C492  l 
AG319C50492  2 
A0319Q50492  3 
A03190SC49Z  4 
A0319C6C45001 
AO31906C451O1 
A0319C6C490Q1 
A0319C6C492  1 
A021906C490CI 
A031906C492  1 
AC31906C492  2 
A0319C6C492  3 
A031906C490CI 
A031906C492  1 
AO 3 1906049001 
A0319C6C492  i 
A031906C492  2 
A031906C492  3 
A031945C25001 
A031945C25101 
A031945C290C1 


293  .02192.80 


832 

7  5 

.03  .20 

13  10.6 

-.26180.00 

832 

.03705.65 

,051693.5 

.075645.2 

,089032,3 

832 

.1115242. 

.1216935, 

.1317500, 

.1416935. 

832 

.178750.0 

.193387.1 

.20564.52 

833 

7  5 

.02  .02 

1  10.6 

.26180.00 

833 

.02423.39 

3  94 

AEROJET  SECOND 

SURFACE  K1RR0R  ARRAY. 

302 

7  2 

.03  .21 

14  10.6 

-.26180.00 

302 

0319S.CC 

.06396. CC 

.07792.00 

.081930.0 

302 

. 1I4T-56.V 

.126336.0 

. 13B514.Q 

,148316.0 

302 

*  64 -  6  *  0 

.172376,0 

.18396.00 

.21.00000 

842 

7  5 

.03  .22 

12  10.6 

-.26180.00 

842 

•0-1693.5 

.063951.6 

.097903.2 

.1111855. 

842 

.1316935, 

.1415242. 

.1512137. 

.168467.7 

842 

.20564.52 

.22262.26 

843 

7  5 

.01  .07 

2  10.6 

.26180.00 

843 

.01564.52 

.07423.39 

3  94 

AEROJET  SECOND 

SURFACE  MIRROR  ARRAY. 

352 

7  2 

.01  .25 

18  10,6 

-.26180.00 

352 

.01125.74 

.03335.32 

.04838.29 

.062850.2 

352 

.096035.7 

.106622.5 

.116454.9 

.126203.4 

352 

.156161.5 

.166329.1 

.176161.5 

.185868.0 

352 

.212514.9 

.23838.29 

.25167.66 

852 

7  5 

.01  .26 

14  10.6 

-.26180.00 

852 

.01235.33 

.04753.05 

.££2635.7 

.085082,1 

852 

.117154.0 

.126965.7 

.145836.1 

.155553*7 

852 

*194141.8 

.212070.9 

,24376.52 

.26141.20 

853 

7  5 

.07  .07 

1  10.6 

.26180.00 

853 

.07141.20 

2  94 

AEROJET  SECOND 

SURFACE  MIRROR  ARRAY. 

362 

7  2 

.01  .22 

17  10.6 

-.26180.00 

362 

.01102.44 

.032C4.68 

.05614.63 

.071639.0 

362 

.096965.9 

•1C1C244. 

.1113932. 

.1215571. 

362 

.1415161. 

.1511473. 

.168809.8 

.176146.3 

362 

.191229.3 

.22.C0CCC 

862 

7  5 

>03  .22 

16  10.6 

-.26180.00 

862 

.03462.68 

.06925.36 

.072313.4 

.086014. S 

862 

.1011567. 

.1113880. 

.1215500. 

.1316656. 

862 

.1513880. 

.1611104. 

.178328.2 

.186477.5 

862 

,22462.68 

4  94 

AEROJET  SECOND 

SURFACE  MIRROR  ARRAY, 

371 

7  2 

.28  .33 

2  10.6 

-.26  .00 

371 

<>2841,744 

•33.C0CCC 

372 

7  2 

.01  .23 

11  10.6 

-.26180.00 

372 

.0183.488 

,05500.93 

.101419.3 

.122734.2 

372 

.142755.1 

.152421.1 

.162003.7 

.181252.3 

372 

.23187,85 

373 

7  2 

.05  .05 

1  10.6 

.26180.00 

373 

.0520.872 

882 

7  5 

.03  .18 

13  10.6 

-.26180,00 

882 

.03227.35 

,05454,70 

.081136,8 

.092273.5 

882 

.118639.3 

.1211368. 

.1312618. 

.1410003. 

882 

.162728.2 

.17795.73 

.18227.35 

6  94 

AEROJET  SECCNC 

SURFACE  MIRROR  ARRAY, 

381 

7  2 

.27  ,43 

6  10.6 

-.26  .00 

.00 

.0911855. 

.1612419. 

180.00 


,00 

.093564.0 

.157128.0 

.00 

.1215242  * 
.183669.4 

180.00 


.00 

.074023.6 

.135868.0 

.203688.5 

.00 

.106777.4 

.165459.6 

180.00 


.00 

.084507.3 

.1317415. 

.182458.5 

.00 

.099253.6 

.1416194. 

.193470.1 


.00 

.00 

.132796.8 

.20500.93 

180.00 

.00 

.105911,1 

.155911.1 


26 


00 


00 


||(|( . if . . . . . . . . . . . . . . . . . . . . . . 


29316, £7 


31217.71 


3619.79’ 


A03194SC2S2  1 
60ilMi5Ci92  2 
AO  J 1  94  *jf,  90C  1 
AUJ19A5C^92  1 
40 J19A9C292  i 
AO  J  1  94  9C  290-C  1 
40 319*5C 292  I 
AO  1 1 94  50*900 1 
ACU9A9C292  i 
A0319A5C*90CI 
40319990292  1 
*0319990292  i 


.27336.46 
.439.0916 
7  2 

.01395.83 
.18272.14 
7  2 

.01455.21 
7  * 

.28277.29 
7  5 

.01223.96 
.11607.90 


.01  .24 
.03326.56 
.21257,29 
.01  .10 
.03296.07 
.26  .43 
.3342.660 
.01  .23 
.03458.59 
.13746.55 


A03 19  7501 500 1 
A031975C151C1 
60 3 19 750 1900 1 
60319750192  1 
AO 3 1975C 192  2 
6031973C192  3 
AO Jl9 ’5019001 
AO  31 9  750 19?  1 
60319  75015-001 
A03 1975C 152  1 
AO  319  750 192  2 
S031975C192  3 
AO 3206 50 l 5001 
*'0320650  1S1C1 
AO 32065C 19001 
7*0  J2C6SC192  1 


a  io.6 

.06376, 04 
.24247.40 
5  10.6 

,05138.54 
4  10.6 

.3621.330 
1C  10.6 
.04639.90 
.16682.56 
3  10.6 

.1710.665 


1C  10.6 
.35215.09 
.5340.583 
6  10.6 
.13275.97 

8  10.6 

.07235.38 

•21.C0C0Q 

5  1G.6 
.28506.77 

11  10.6 
.061224.7 
.2017  73.7 

6  10.6 

.03633.47 


7  2  .26  .48  9  10.6 

.26296.87  .28311.72  .29336.46 

.35197.92  .3898.558  ,4219.792 

3  2  .02  .26  8  10.6 

.02366.15  .03390. e9  .08346.35 

.20366.15  .23316.67  .26296.87 

7  2  .01  .22  9  10.6 

.01435.42  .02494,79  .03494.79 

.09178.13  .1275.167  .1724.74C 

3  94 

3H  BLACK  VELVET  PAINT,  101-C1C. 

7  5  1.13  20.13  11  10.6 

1.13. 02657  2.13.C2C22  4.13.01685 

1C. 13.01685  12.13.01742  14.13.01685 
2C. 13.01236 

1  5  .13  .13  1  10.6 

.13.05843 

7  5  .87  19.87  11  10.6 

.87.02S84  1. 87.02247  3,87.01910 


AO J1946C240C 1 

IC63 

7  5 

.02  ,17 

6031 *450292  1 

1C63 

,0263.990 

•C621.33C 

AO  1 1  -14600500  1 

6  94 

Au3l446C2  3 1 0 1 

AEROJET  SECCNC 

SURFACE  P 

AO  3 1946029001 

391 

7  2 

.26  .63 

6Q  31  J46C252  1 

391 

,26180.60 

.31211.03 

AO 3 1  *460292  2 

391 

.46190.74 

.46129.07 

AoJi J46C290C1 

392 

7  2 

.01  , 26 

AG31946C292  1 

392 

.01344.96 

.08292.20 

AG  3 19460292  2 

392 

.26180.60 

AG  3 1 946C25QC I 

393 

7  2 

.02  .21 

60319460292  1 

393 

.02284.08 

.04229.30 

“0319460292  2 

393 

.1440.563 

.1716.233 

AG31946C290C1 

921 

7  5 

.26  .32 

60119460292  1 

921 

.261520.3 

.27971.32 

A031946C29GC1 

922 

7  5 

.00  .26 

AC-319460292  l 

922 

.001140.2 

.031132.5 

Ac  119460252  2 

922 

.161300.3 

.171478.1 

60  i  1 9460  292  3 

922 

,261520.3 

AO  3194602900 1 

923 

7  5 

.00  .22 

40319460292  1 

923 

.001140.2 

.01971.32 

40319460292  2 

923 

.2221.116 

AC31947C250C1 

3  94 

A03 1947025101 

AEROJET  SECCNC 

SURFACE  PI 

603 1 94  7C29QC l 

401 

7  2 

.26  .48 

40319470292  1 

401 

.26296.67 

.28311.72 

A03194  7C292  2 

401 

.35197.92 

.3898.958 

AO 3 1947029001 

402 

7  2 

.02  .26 

AO 319470292  l 

402 

.02366.15 

.03390, e9 

A031947C292  2 

402 

.20366.15 

.23316,67 

4C-31947C290C1 

403 

7  2 

.01  .22 

60319470292  1 

403 

.01435.42 

.02494,79 

A031947C292  2 

403 

.09178.13 

.1279.167 

7  5  .87  19,87  11  10.6 

.87.02584  1. 87.02247  3,87.01910 

9.87,01758  1 1.87.01775  13.87.01742 
19,87.01573 
3  94 

AEROJET  NH1TE  PAINT  .008-. 010  THICK, 
7  5  2.13  15.13  8  10.6 

2.13,13647  4.13.10235  6.13.07961 


.3498.950 

-.26180.00 

.10430.47 

.26180.00 
.0739.583 
-.26  .00 
.4310.665 
-.26180.00 
-07895.86 
.18639.90 
.26180.00 


-.26  .00 
.38194.80 
.5816.233 
-.261 80. CO 
.18235.30 

.26180.00 

.09178,57 

-.26  .00 
.30168,92 
-.26180.00 
.091129.7 
.221952.2 

.26180.00 

.07126.69 


-.26  .00 
.32326.56 
.484.9479 
-.26180.00 
.13306.77 

*26180.00 

.05415.62 

.224.9479 


,00 

.14371.09 

180,00 
.10.00000 
•  CO 

.00 

.10725.22 
.23458.59 
ISO. 00 


.00 

.41170.45 

.634.0583 

.00 

. 23186. 6B 

160.00 

.1297.400 

.00 

.3242.231 

,00 

.101235.3 

.231858,2 

180.00 

<1042.231 


.00 

.33277.08 

.00 

.17316.67 

180.00 

.07316.67 


-,2b  .00  .00 

6.13.01573  8.13.01685 

16.13.01573  18.13.01348 


-.26180.00 

.26180.00 

5.87.01854 


.26180.00  180.00 
5.87.01854  7.87.01798 

15.87.01685  17,87,01629 


TELESCOPE  SUBSTRATE. 
-.26  .00  .00 
8.13.06363  10,13.03867 


288 


00 


A032065C 192  2  ICai 
W32065C190G1  1082 
AU32065C192  1  1082 
A032C65C190C1  1C83 
f.G320fc5C152  l  1C83 
A032065C192  2  1C83 
AQ32G75C150C1 
A032Q75C161C1 
A032075C19001  1C91 
A032075C192  1  1091 
A0320750192  2  1C91 
A032075C190C1  1C92 
A032075C192  1  1C92 
A032075C19001  1C93 
A032075C192  1  1C93 
AC32075C192  2  1C93 


12,13.02729  14. 13. €1592  15,13.01365 
7  5  .13  .13  1  10.6 

.13.13419 

7  5  1.87  14.67  8  10.6 

I. 87. 12262  3.87.1069C  5.87.07961 

11.67.02729  13.67.C182C  14,87.01137 

3  94 

AEROJET  WHITE  PAINT  .CC8-.010  THICK, 
7  5  2.13  15.13  8  10.6 

2.13.13113  4.13.09269  6.13.06762 

12.13.02261  14.13.01809  15.13.01356 
7  5  .13  .13  1  10* & 

,13.13751 

7  5  1.87  14.87  8  10,6 

1,87.1A’661  4.13,10652  5.87.08591 

II, 87.02713  13.87.C1583  14,87.01356 


'**26i80«C0 

.26180.00  180,00 
7.67.05459  9.87.03367 


TELESCOPE  SUBSTRATE. 
-.26  .00  .00 

8.13.05426  10.13.03617 

-.26180.00  .00 

.26180.00  180.00 

7.87.05878  9.87.03843 


Appendix  F 

EXPANDED  RETRIEVAL  ANALYSIS  SYSTEM  (ERAS) 

ERIM  developed  and  maintains  the  software  referred  to  as  the  Expanded  Retrieval  Analysis 
System  {ERAS),  The  ERAS  format  was  developed  under  Air  Force  sponsorship,  has  been 
used  by  NASA,  and  is  currently  available  at  ERIM  in  formats  compatible  with  the  CD C  15Q4B 
and  IBM  7094  digital  computer  systems.  All  applicable  data  which  have  been  measured  as  part 
of  the  Optical  Measurements  and  DSO  Programs  have  been  placed  in  this  format  for  future  re¬ 
trieval  and  ease  of  reporting.  Therefore,  that  fart  of  the  ERAS  format  Is  described  which  is 
applicable  to  the  measurements  data  in  this  particular  effort.  The  reader  is  then  able  to  readily 
interpret  and  use  the  reported  data.  (The  reader  is  referred  to  Reference  [2]  for  a  more  detailed 
explanation  of  the  entire  system.)  Following  the  format  description,  the  applicable  codes  being 
used  are  also  defined. 

F.  X .  DATA  UNIT 

Each  batch  of  data  deliverer  to  AVCO  contains  a  series  of  Data  Units.  Each  Data  Unit  con¬ 
sists  of  all  the  descriptive  material  and  data  associated  with  a  particular  experiment.  As  shown 
in  Table  F-l,  a  Data  Unit  includes  a  descriptive  material  group  (major  header  information)  and 
one  or  more  data  set  groups. 

Table  F-2  is  an  excerpt  from  a  card  deck  having  one  major  header  group  and  three  data 
set  groups.  The  example  is  for  an  Aerojet  2nd  Sur.ace  Mirror  Array  measured  by  ERIM. 

A03180101  is  the  curve  identification  number  specifying  the  sample  number  3190,  area  l, 
condition  Cl. 

Table  F-3  shows  the  general  format  for  each  of  the  card  types  listed  in  Table  F-l  and  used 
in  the  printout  presented  in  the  example  given. 

Columns  1-9  contain  exactly  the  same  information  on  every  card  within  the  Data  Unit.  The  card 
numbering  (columns  12  and  13)  begins  anew  with  each  new  card  type.  Columns  14-20  and  the 
general  purpose  field  (columns  21-80)  vary  according  to  card  type.  Hie  individual  charac¬ 
teristics  of  each  card  type  are  discussed  in  the  following  subsections. 

F.2.  DESCRIPTIVE  MATERIAL  GROUP 

As  shown  in  Table  F-l,  the  descriptive  materia!  group  consists  cl  two  information  blocks. 
Hie  information  included  in  each  of  these  (and  the  punch-card  type  used  in  the  master  deck)  Is 
discussed  in  the  following  sections. 

F.2,1.  HEADER  INFORMATION 

Each  Data  Unit  is  identified  by  a  single  block  of  header  information.  In  the  master  deck, 
the  type  50  punch  card  is  used  in  this  information  block.  Hie  purpose  of  the  type  50  card  is  to 
indicate  the  number  of  the  data  sets  which  make  up  the  given  Data  Unit  and  the  ordinate  dimen- 
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sion  (YCODE1)  which  describes  all  these  data  sets.  One  and  only  one  type  50  card  is  included 
in  each  data  unit.  The  format  for  the  type  50  card  is  shown  in  Table  F-4. 

Title 

The  type  51  (Title)  punch  card  is  used  for  this  information  block  in  the  master  card  deck. 
At  least  one  and  no  more  than  four  title  cards  will  be  Included  in  each  data  unit.  Titles  are 
written  in  columns  21-80,  are  grammatically  correct,  and  end  with  a  period.  They  provide  a 
general  description  of  the  sample  measured. 


Data  Sets 

One  or  more  data  sets  are  included  in  each  data  unit.  Each  data  set  consists  of  a  sub¬ 
header  and  dau  '-’oek. 


Sab-Header  Information 

This  block  specifies  the  dependent  variable  and  the  running  independent  variable  (the  one 
against  whichthe  dependent  variable  is  "plotted”  in  the  following  data  set).  It  also  lists  the  fused 
values  of  the  remaining  independent  variables.  In  the  master  card  deck,  the  type  90  (sub-header) 
punch  card  is  used.  One  and  only  one  type  90  card  is  included  for  each  data  block  within  a  given 
data  unit.  (Recall  that  only  one  Header  Information  (Type  50)  card  is  used  for  each  data  unit, 
no  matter  how  many  data  sets  it  contains.]  The  format  for  the  type  90  cards  is  shown  in  Table 
F-5, 

Data  Sets 

A  data  set  contains  the  actual  digitized  dat-  points.  The  data  format  allows  for  a  data  unit 
which  is  composed  of  a  whole  family  of  curves  (data  sets)  in  which  the  dependent  variable  is 
plotted  against  one  Independent  variable  for  fixed  values  c»  up  to  four  other  independent  vari¬ 
ables.  For  directional  reflectance  data,  a  data  unit  may  contain  only  one  data  set.  In  the  case 
of  bidirectional  data,  a  data  unit  may  include  as  many  as  10"  data  sets,  each  consisting  of  a 
component  which  depends  on  the  polarization  of  the  source  and  the  receiver,  wavelength,  and 
angles  of  incidence  and  observation.  Some  data  curves  from  certain  instruments  are  given  in 
more  than  one  segment;  each  segment  of  a  given  curve  is  treated  as  an  individual  data  set. 

In  the  master  card  deck,  the  type  92  (Data)  cards  are  used.  These  cards  contain  the  actual 
measurement  data;  these  data  consists  of  cartesian  coordinates  describing  the  curve  of  the  de¬ 
pendent  variable  (e.g.,  wavelength.  A).  The  data  set  number  is  entered  in  columns  14-18  on  each 
type  92  card.  Columns  21-80  contain  five  pairs  of  (x,y)  values  In  a  5(F6.3,  F6.2)  format.  No 
more  than  250  points  are  allowed.  If  more  than  250  points  are  required,  the  additional  points 
are  continued  in  a  new  data  set. 

In  Tables  F-6,  F-7,  3nd  F-8,  the  XCODES,  YCCDES  1,  and  YCGDES  2,  respectively,  which 
are  routinely  utilized  in  the  ERAS  format,  are  presented  and  defined. 
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DATA  UKIT  ORGAHIZATIOH 


TABLE  F- 


WORD  DESCRIPTIOH 

Punch-Card 

Type  Code  Used 

lumber  of 
Cards  Used 

1.  Descriptive  Material  Croup 
(Major  Header) 

a)  Header  Information 

50 

1 

b)  Curve  Title 

51 

2.  Data  Set  1 

a)  Sub-Heartar  Information 

90 

1 

b)  Digitized  Data  Points 

92 

1-50 

3.  Data  Set  11  (If  required) 

.  etc. 

• 

(There  is  no  llait  to  the  nusber 
of  permissible  Data  Sets) 

TABLE  7-2.  CAM  FORMAT  EXAMPLE 


AOU  901015001 
A03 1401 015101 
A031 9310 19001 
4031401019201 
A031901C19202 
A031 901019203 
4031901019204 
4031901019001 
A031901019201 
A031901019202 
A031901C19001 
A031901019201 
A031901019202 
A03190101920J 
A031 901019204 


3  001 


AEROJET  SECOND  SURFACE  MIRROR  ARRAY, 


1 

1  1 

.240 

.340  19 

5.00 

.00999.99999,99 

1 

,240 

10.03 

.251 

11.51  .243 

12.54  .273 

11.57  .2*7  10.3? 

1 

,299 

9, T9 

.304 

7.03  .310 

4.97  .314 

4.47  .319  5.11 

1 

.323 

11.02 

.324 

17.74  .32* 

30.10  .331 

52.31  .335  45,72 

l 

,339 

73.97 

.344 

79.24  .352 

*3.32  .350 

•6.25 

2 

1  1 

.350 

1,000  7 

5.00 

,00999.95999.99 

2 

,350 

91.0* 

.39» 

95.53  .4** 

99.42  .54* 

99,73  .724100.00 

2 

. >41100.00 

1.000  95,74 

3 

1  1 

1.000 

2*400  17 

5.00 

,00999,99999.99 

3 

1,000100,00 

1.021100.00  1*322100.00  1. 447100.00  1.477100.00 

3 

l,M5iO0.4O 

1.917100.00  1.999100.00  2.039100.00  2.110  99,57 

3 

2.1*9 

99.02 

2.247 

9*. *4  2,344 

9*,*2  2.409 

99,59  2,43*  9*,S9 

3 

2,521 

94.5T 

2.400 

94.98 

I 


TABLE  F-3.  GENERAL  CARD  FORMAT 


Column 

Description 

Column  Format  Code 

1-6 

Sample  Number  preceded  by  AO 

A6 

8-9 

Area  Conditon  Number* 

A3 

10-11 

Card  Type  Code 

A2 

12-13 

Card  Number  (within  card  type) 

12 

14-20 

Blank  (except  card  types  50,  90, 
and  92) 

21-80 

General  Purpose  Fields 

Variable,  depending 
cm  card  type 

*  1st  digit  Is  the  area  number. 

2nd  and  3rd  digits  are  the  condition  number  for  that  area. 

Column 


TABLE  F-4.  MAJOR  HEADER  CARD  FORMAT 

Description  Column  Format  Code 


21-25 


Number  of  Data  Sets 


E 


1 


a,  wavelength  (aicroas) 


5 

6 
7 
3 

f 


LO 


LI 


8*.  zenith  angle  of  incidence  (degrees) 

♦|i  atlweth  angle  of  incidence  (degrees' 

S,.  zenith  angle  of  observation  (degrees) 

♦r*  arisoth  angle  of  observation  (degrees) 

*0.  depression  angle  (degrees) 

sad  with  ®  <•  |e  -f  fixed  angle!* 

#4  ♦„*  «lth  f ,  "  }gr  +  fixed  aaglej* 

8,  sad  8  ,  with  I,  ■  8  {Irotster  angle) 

*  *  i  r  *“ 

a,  radar  cross  section  (dbsa) 
f,  fragaesey  (GHz) 


‘Fixed  angle  specified  as  !{  on  SO  card. 


tcoie  i  DEFtsmoss 


?•/  ■ 

(Dependent  Variable) 
Peflaltloa _ 


TCODE1 


(Dependent  Variable) 
Definition 


Sj,  directional  reflectance 
(slcroas) 

J ' * |  | i »  polarized  bidlrec- 
' 1  "*  tiesiil^  reflectance 
(ster-1) 


polarised  bidirec¬ 
tional,  ref Iterance 
(ster-i) 

polarired  bidirec¬ 
tional  reflectance 
Cster-1) 


polarised  bidirec¬ 
tional  reflectance 


'  ,  polarised  bidirec- 

11  tiotwl  reflectance 

(star-1) 


5 '  |,  polarized  bldirec- 

*  clonal  reflectance 

(seer-1) 


polarised  bidirec¬ 
tional  reflectance 
(ster-l) 

polarized  Uiirsc- 

tiooal  rsf  if  -.tance 

(ster-1) 


set  of  e'n 

i  i 


set 


If 


and 


r»  ! 


39 

Ci,  sittance  received 

—  polarized  CD 

40 

absolute  enitrar.ee  (0,0- 

1.0) 

94 

Arbitrary  set  of  polarized 
bidirectional  reflectance 
curves  (not  covered  by 
YC0DE1  *  10,  11  or  12) 

Sote:  With  pclarized  bidirectional  re¬ 
flectance  and  transmittance,  the 
first  subscript  denotes  source 
polarisation  and  the  second  sub¬ 
script  denotes  polarisation  of  t! 
receiver.  An  unpolarized  scarce 
la  indicated  by  the  first  sub¬ 
script  equal  to  "0**;  an  ospolari: 
receiver  is  indicated  by  the 
second  subscript  equal  to  V, 
seaniug  tbs  total  p«.*ar  received 
The  polarizers  are  Indicated  by 
1 1  (parallel  to  the  reftratt 
pi ase**)*  |_  rerperii cular  to  the 
reference  plane**). 


**  jm  reference  plana  is  either  the  pi 


"A3LE  r-g.  T®u&  i  £SFiSi.iiraa> 


(Dependent  Yariahl 
Definition 


(Dependent  Yarlahls) 
D*flrltJoo 


,  directional  reflectance 
(ai-rsns) 

' ;  i  i :  *  polarised  feldiree- 
1  *  '• 1  tionaA. reflectance 
(ster”*) 


polarized  bidirec¬ 
tional  reflectance 
(ster"‘) 

polarised  bidirec¬ 
tional  1  reflectance 


Cater  *) 

' ,  j ,  polar ireo  bldlree- 

—  —  t Iona I  reflectance 

{ster-1} 

'  | j,  polarised  hidireo- 

* •  tional^ reflectance 

•ster-*) 

I*  |,  polarised  bidirec- 

0  J-  tionai. reflectance 

(ster"1) 

s', !  f,  polarised  bidlres- 

I 1  ~  clonal. refleetaae* 

(seer-*) 

>'l  ,  polarised  bidicec- 

a-  1  clonal  reflectance 

Cster“i) 

s.  relative  uspolarized  bidi¬ 
rectional  0E) 

e.  taiiU'sct  B) 

D?,  degree  of  polarisation  (S3 

L,  radiance 

0  '  ,  absolute  bidirectional 

to  ref lectsr. :<*  (star”*) 

ansarest  aatesai  cesperature 


s  § ,  «lttaac#  receiver 
J-  polarised  (1) 

absolute  assistance  (0, 
1.0) 


iote:  With  polarised  bidtreetiea* 

flactance  ar.d  trccsclttance  the 
first  subscript  denotes  source 
polar! sat ion  and  the  second  sub¬ 
script  denotes  polarisation  of 
the  receiver.  An  eipolarlsed 
source  it  indicated  by  the  first 
subscript  equal  to  “0s* ;  an  «a- 
polarised  receiver  is  indicated 
by  the  second  subscript  equal 
to  **t",  meaning  the  total  paver 
received,  the  polarizers  are 
indicated  by  | j  (parallel  to  the 
reference  plane**),  1  (perpendicu¬ 
lar  to  the  reference  plane**). 


*»phe  reference  plcne  is  either  tte  plane 
of  incidence  (fsrul  by  tS»  incident 
beas  and  the  asnel  to  Eta  strple)  or  the 
plane  of  reflection  (formed  by  the  re¬ 
flect^  rays  being  detected  and  the  normal 
to  the  sasple.) 


equivalent  directional  refleeiascf 
subscript  emission 


reflected  radiance 

spectral  radiance  (pc™?er/£rea--=a,t-elei 


calculable  spectral  emitfaafce 

actual  spectral  emittar.ee 
subscript*  reflectance 
absolute  temperature 
total  solar  absorptauce 
bistatic,  angle 

scattering  croce rtv  c!  surface  element 
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